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FOREWORD 


The  U.S.  Government  is  actively  engaged  in  an  extensive  program  of 
research  on  sonic  booms  and  their  effects  on  people,  animals,  and  struc¬ 
tures,  A  major  goal  of  this  research  is  to  provide  results  that  can  be 
extrapolated  to  the  effects  to  be  expected  from  supersonic  transports 
(SSTs)  that  are  larger,  heavier,  and  generally  faster  than  presently  ex¬ 
isting  supersonic  aircraft. 

This  report  presents  results  to  date  from  experiments  conducted  at 
Edwards  Air  Force  Base,  California,  with  F-104,  F-106,  B-58,  SR-71,  and 
XB-70  supersonic  aircraft.  Because  of  widespread  interest  in  sonic  boom 
phenomena,  this  report  is  published  at  this  time  to  make  available  de¬ 
tailed  descriptions  of  the  experiments,  procedures,  and  experimental 
results  obtained. 
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SONIC  BOOM  EXPERIMENTS  AT  EDWARDS  AIR  FORCE  BASE 
INTERIM  REPORT 

I  INTRODUCTION 

A  major  question  in  the  development  of  the  SST  has  been  the  antici- 

* 

pated  public  reaction  to  the  sonic  boom  .  To  help  obtain  resolution  of 
this  question,  the  Office  of  Science  and  Technology  (OST)  was  requested 
in  the  fall  of  1965  to  develop  a  program  of  research  on  the  effects  of 
sonic  booms  on  people,  animals,  and  structures  that  would  supplement  and 
complement  previous  and  ongoing  studies  related  to  this  problem.  For 
this  purpose  the  OST  established  a  Coordinating  Committee  on  Sonic  Boom 
Studies . 

By  agreement  between  the  President's  Science  Advisor  and  the  Chairman 
of  the  President's  Advisory  Committee  on  Supersonic  Transport  (PAC/SST), 
the  Secretary  of  Defense  designated  the  USAF  as  the  OST  Committee's  im¬ 
plementation  agency  and  program  manager.  The  National  Sonic  Boom  Evalu¬ 
ation  Office  (NSBEO)  was  established  in  the  Directorate  of  Science  and 
Technology,  Headquarters,  USAF,  to  implement  and  manage  those  research 
studies  approved  and  recommended  by  the  OST,  Stanford  Research  Institute 
(SRI)  was  selected  to  provide  technical  assistance  for  the  definition  of 
research  problems  and  the  analysis  of  research  findings. 

In  January  1966  the  OST  Committee  approved  a  series  of  experiments 
to  be  conducted  at  Edwards  Air  Force  Base.  The  general  objectives  of 
these  experiments  were  as  follows: 

1.  To  measure  the  judgments  of  the  relative  acceptability  of  sonic 
booms  and  noise  of  various  intensities  from  various  types  of  air¬ 
craft.  The  judgments  were  to  be  made  by  human  observers  situated 
both  outdoors  and  in  houses. 


♦See  Annex  I  for  a  general  discussion  of  the  nature,  generation,  and 
propagation  ol'  the  sonic  boom  and  of  the  terms  used. 
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2.  To  determine  the  response  of  "typical"  house  structures  to  sonic 
booms  having  different  signature  characteristics, 

3,  To  obtain  detailed  measures  of  sonic  boom  signatures  in  time 
and  space  as  functions  of  the  type  of  aircraft  and  mode  of 
operation,  and  the  atmosphere  and  ground  through  which  the 
wave  was  propagated. 

-1.  To  observe  the  response  of  animals  to  the  sonic  booms, 

Figure  i  is  a  chart  of  the  organizations  involved  in  the  development 
and  conduct  ot  the  Edwards  experiments;  the  people  involved  in  the  estab¬ 
lishment  of  policy,  technical  direction,  and  management  of  the  experiments 
are  listed  in  Fig,  2,  The  studies  were  carried  out  during  the  periods 
from  3  June  1966  to  23  June  1966  (called  Phase  I)  and  31  October  1966  to 
17  January  1967  (called  Phase  II).  The  interruption  in  the  program  from 
23  June  to  31  October  was  due  to  the  nonavailability  of  an  XB-70  aircraft 
during  that  period. 

A  detailed  summary  of  the  test  procedures  and  requirements  for 
equipment,  subjects,  facilities,  and  aircraft  and  operational  support  to 
carry  out  the  experiments  is  presented  in  Annex  A.  Photographs  of  the 
test  structures,  some  ol  the  test  subjects  in  one  of  the  test  houses,  and 
the  aircraft  used  tor  the  majority  ol  the  tests  are  shown  in  Figs.  3,  -1, 
ami  5,  respectively.  Figure  6  is  a  schematic  diagram  of  the  test  facili¬ 
ties  and  operations.  Tables  I  and  II  summarize  the  number  of  sonic  booms 
and  noises  from  subsonic  aircraft  generated  for  the  tests,  and  Table  III 
shows  the  status  ol  data  reduction  completed  to  date. 
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FIG.  6  SKETCH  OF  ACTIVITIES  DURING  SONIC  BOOM  TESTING  (Arrow*  indicate  fliflM  trades  used  for  »•*»*.  •«e*pt  for 
4  XB-70  flights  flown  offset  13  statute  miles  and  certain  B~58  flints  flown  offset  5  statute  mile*.) 


Table  I 


EDWARDS  EXPERIMENT  PHASE  I  -  JUNE  1966 
NUMBER  OF  OVERFLIGHTS  BY  AIRCRAFT  TYPE 


TOTAL 


SUPERSONIC 

SUBSONIC 

YF-12 

2 

KC-135 

99 

SR-71 

3 

WC-135B 

24 

XB-70 

3 

BUMP 

6 

B-58 

100 

F-104 

39 

F-106 

18 

165 

TOTAL 

129 

Table  II 

EDWARDS  EXPERIMENT  PHASE  II  -  OCTOBER  1966  to  JANUARY  1967 
NUMBER  OF  OVERFLIGHTS  BY  AIRCRAFT  TYPE 


SUPERSONIC 

XB-70  17 

F-104  BS 
B-58  69 

SR-71  31 

TOTAL  202 


SUBSONIC 

C-131B  19 

WC-13SB  99 
Cesana  150  18 

TOTAL  132 
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Table  111 


STATUS  OF  DATA  REDUCTION 

Percentage  of  Data 
Reduced  to  Date  and 
in  This  Report 

I  Psych  ol  og  ica  1  Da  t  a 

A.  Except  for  20  judgment  tests  conducted  outdoors  95% 

on  a  special  desert  test  site,  all  the  psychological 

data  have  been  analyzed  and  are  related  in  Annex  B 
to  the  nominal  and  measured  pe.k  overpressures  of 
the  sonic  booms  and  the  intensity  (PNdB)  of  subsonic 
aircraft  noise. 

B.  The  results  of  the  psychological  tests  will  be  0% 

related  later  to  measures  of  structural  response  as 
appropriate  and  to  physical  measures  other  than  peak 
overpressure  and  peak  PNdB. 

II  Sonic  Boom  and  Subsonic  Aircraft  Noise  Generation  and  50% 

Prop! gat  ion  Da  ta 

Reported  in  Annexes  B,  C.  E.  and  F. 

Ill  St  rueturu  1  Response  Ikita  30% 

Reported  in  Annex  0. 

IV  Meterologica  1  IXHjj  20% 

Reported  In  Annex  D. 

V  Animal  Response  Hut  a  100% 

Reported  in  Annex  II. 
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II  SUMMARY  OF  RATIONALE,  PROCEDURES,  AND  RESULTS  TO  DATE 


A.  Psychological  Experiments 

The  psychological  studies  were  designed  with  the  following  condi¬ 
tions  and  assumptions  in  mind: 

1.  Subjects  should  be  located  both  outdoors  and  in  houses  that 
would  be  "typical"  for  midwest  USA,  1975,  this  being  the  area 
of  the  country  that  would  most  likely  be  exposed  to  sonic  booms 
from  proposed  transcontinental  SSTs. 

2.  Subjects  would  be  adult  males  and  females  (the  majority  being 
housewives),  and  several  hundred  such  subjects  would  be  used. 

3.  The  primary  judgments  to  be  made  would  be  "relative"  judgments 
of  the  acceptability  of  one  sonic  boom  versus  another  sonic 
boom  or  of  a  sonic  boom  versus  the  noise  from  a  subsonic  air¬ 
craft.  The  rationale  was  that  relative  Judgments  allow  the 
measurement  of  the  effects  upon  listeners  of  variations  in  the 
physical  characteristics  of  the  sound  and  permit  relating  the 
subjective  effects  of  one  type  of  sound,  such  as  a  sonic  boom, 
to  those  effects  of  a  second  sound,  such  as  the  noise  from  a 
subsonic  aircraft.  The  results  would  presumably  provide:  (1) 
a  "calibration"  of  human  response  in  terms  of  different  sonic 
boom  physical  parameters  and  signature  types,  and  (2)  a  possible 
insight  into  how  people  will  respond  to  sonic  booms  in  real  life. 
Information  is  already  available  as  to  how  people  respond  in 
real  life  to  subsonic  aircraft  noise. 

4.  The  sonic  booms  and  the  noise  from  subsonic  aircraft  were 
to  be  presented  to  subjects  who  had  been  habitually  exposed 
to  sonic  booms,  such  as  those  in  the  residentlsl  area  at 
Edwards  Air  Force  Base,  and  to  subjects  not  usually  exposed 
to  sonic  booms  and  aircraft  noise,  such  as  those  from  the 
towns  of  Fontana  and  Redlands,  California. 
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5.  The*  subjective  judgments  were  to  be  made  of  sonic  booms  whose 
"nominal”*  peak  overpressure  level  varied  from  0.75  pounds  per 
square  foot  (psf)  to  3.0  psf,  whose  duration  varied  from  0.075 
to  0.3  sec,  and  whose  speed  across  the  ground  varied  from  about 
900  to  1700  mph.  To  obtain  the  desired  ranges  of  speed,  dura** 
tion,  overpressure,  and  near* field  and  far-field  boom  signa¬ 
tures,  three  types  of  supersonic  aircraft  (F-104,  B-58,  and 
XB-70)  were  used.  Unfortunately,  it  was  not  always  possible 
to  vary  independently  these  various  parameters  because  of  in¬ 
herent  limitations  in  the  operating  characteristics  of  the  air¬ 
craft.  Flyover  noise  from  subsonic  aircraft  was  obtained  from 
‘l-cngined  turbojets  without  noise  suppressors  and  from  -1- engined 
turbofan  aircraft  when  operating  with  landing  power  and  with 
takeoff  power;  the  intensity  levels  of  the  noise  were  varied 
from  about  90  to  125  PXdB.** 

Detailed  results  of  the  psychological  studies  and  their  relation  to 
the  physical  characteristics  of  the  various  sonic  booms  and  noise  from 
subsonic  aircraft,  insofar  as  present  physical  analysis  of  data  will 
permit,  will  be  found  in  Annex  B.  The  intensities  of  the  sonic  booms 
are  given  In  the  following  summary  in  terms  of  the  nominal  peak  over- 


*  Xoniin.il  peak  overpressure  (or  some  other  nominal  physical  parameter) 
of  a  boom  is  that  to  be  expected  on  the  basis  of  theory  concerning 
the  generation  and  propagation  of  sonic  booms.  Accordingly,  the  word 
nominal  serves  as  a  short  and  succinct  way  of  labeling  the  aircraft 
operations,  i.e.,  stating  that  a  boom  from  a  given  aircraft  will  have 
a  given  nominal  peak  overpressure  specifies,  for  practical  purposes, 
the  altitude,  Mach,  and  weight  at  which  the  given  aircraft  will  bo 

operated.  For  further  definition  of  nominal  peak  overpressure  see 
Annex  B,  page  25. 

**  PNdB  is  a  unit  that  indicates  the  intensities  of  a  noise  on  a  scale 
that  approximates  the  response  of  the  human  auditory  system.  The 
PNdB  values  herein  reported  are  the  peak  levels  reached  by  the  noise 
when  flying  over  the  subjects.  The  PNdB  values  arc  determined  from 
sound  level  meter  measurements  of  the  noise  after  the  noise  has  been 
tillered  into  1/3  or  full  octave  bands. 

Best  AvrUp'qIq  Copy 
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pressures;  the  results  of  the  psychological  tests  will  be  compared,  in 
a  later  report,  to  various  other  physical  measurements  of  the  booms, 
including  total  energy  and  energy  in  various  portions  of  the  spectrum. 


Summary  of  Results  of  Psychological  Experiments 

To  date  the  major  findings  from  analysis  of  the  results  obtained 
for  the  subjects  and  listening  conditions  involved  in  these  experiments 
are  as  follows: 

1.  Sonic  Boom  from  B-58  Judged  against  Noise  from  Subsonic  Aircraft 

(a)  When  indoors,  subjects  from  Edwards  Air  Force  Base  judged 
booms  from  the  B-58  at  1.69  psf  nominal  peak  overpressure 

outdoors  to  be  as  acceptable  as  the  noise  from  a  subsonic 

* 

jet  at  an  intensity  of  109  PNdB  measured  outdoors. 

(b)  When  indoors,  subjects  from  the  towns  of  Fontana  and 
Redlands  judged  the  boom  from  the  B-58  at  l.*>9  psf  nom¬ 
inal  peak  overpressure  outdoors  to  be  as  acceptable  as 
the  noise  from  a  subsonic  jet  at  an  intensity  of  118  to 
119  PNdB  measured  outdoors. 

(c)  The  booms  heard  outdoors  from  the  B-58  at  1.69  psf  nom¬ 
inal  peak  overpressure  were  Judged  to  be  as  acceptable  as 
the  noise  heard  outdoors  from  a  subsonic  jet  at  105  PNdB, 
111  PNdB,  and  108  PNdB  by  subjects  from  Edwards  Air  Force 
Base,  Fontana,  and  Redlands,  respectively. 


*  Noises  having  these  PNdB  values  would  be  generated  on  the  ground  di¬ 
rectly  under  the  flight  path  of  a  turbofan  aircraft  at  an  altitude  of 
800  or  1400  ft,  depending  on  whether  landing  or  takeoff  engine  power 
settings  were  used, 

**  Noises  having  these  PNdB  values  would  be  generated  on  the  ground  di¬ 
rectly  under  the  flight  path  of  a  turbofan  aircraft  at  an  altitude  of 
300  or  600  ft,  depending  on  whether  landing  or  takeoff  engine  power 
settings  were  used. 
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<d)  When  indoors,  87  percent  ol  the  subjects  from  Edwards  and 
40  percent  ot  the  subjects  from  Fontana  and  Redlands,  com¬ 
bined,  rated  the  B-58  booms  of  nominal  peak  overpressure 
of  1.09  p.sf  as  be  nip  between  less  than  "just  acceptable" 
to  "unacceptable," 

(e)  When  outdoors,  33  percent  ol  the  subjects  from  Edwards  and 
39  percent  of  the  subjects  from  Fontana  and  Redlands,  com¬ 
bined,  rated  the  B-58  booms  of  nominal  peak  overpressure 
of  1.69  psl  as  being  between  less  than  "just  acceptable" 
to  "unacceptable." 

(f)  Residents  of  Edwards  Air  Force  Base  who  served  as  subjects 
had  been  in  residence  there  for  an  average  of  two  years 
and  had  been  exposed  during  that  period  to  about  4  to  8 
booms  per  day  of  median  nominal  peak  overpressure  of  1.2 
psf  and  to  subsonic  aircraft  noise  having  peak  PNdE  levels 
of  about  110  PNdB  The  towns  of  Fontana  and  Redlands,  on 
the  other  hand,  were  not  under  or  near  the  flight  track  of 
supersonic  aircraft  and  were  occasionally  exposed  to  noise 
of  subsonic  aircraft  at  a  peak  level  of  about  95  to  100 
PNdB . 

Acceptability  ol  Sonic  Booms  lrom  Different  Military  Aircraft 

(a)  When  ol  approximately  equal  nominal  or  measured  peak  over¬ 
pressure  and  when  heard  indoors  and  judged  against  the  air¬ 
craft  noise,  the  boom  from  the  XB-70  was  slightly  less  ac¬ 
ceptable  than  the  liooms  trom  the  F-IU4  or  B-38  aircraft, 
when  heard  outdoors  and  judged  against  aircraft  noise,  the 
boom  from  the  B-5H  was  slightly  less  acceptable  than  the 
booms  from  the  XB-70  and  F-101  aircraft. 

<b)  When  one  type  of  boom  was  judged  against  another  type  of 
hot  an  at  equal  nominal  peak  overpressure,  no  significant 
difference  in  their  acceptabi ii t y  »as  measured  in  these 

test  >. . 


l: 


3.  Acceptability  of  Booms  and  Aircraft  Nr»ise  as  a  Function  of 
Thoir  Intensity 

The  unacceptability  of  sonic  boons,  as  a  function  of  intensity 
increases  at  about  half  again  as  fast  a  rate  as  does  the  unacccptability 
of  the  noise  from  subsonic  aircraft;  i.e.,  in  terns  of  judged  unaccept¬ 
ability,  an  increase  of  10  PNdB  in  intensity  of  a  noise  from  a  subsonic 
aircraft  was  equivalent  to  about  a  6-dB  increase  (from  1  psf  to  2  psf)  in 
the  intensity  of  a  sonic  boom. 

4.  Acceptability  of  Booms  or  Noises  for  Indoor  Listening  Compared 
to  Outdoor  Listening 

The  results  averaged  over  all  tests  indicates  that  both  the  booms 

and  particularly  the  noise  were  rated  slightly  more  unacceptable  by  the 

* 

listeners  outdoors  than  by  the  listeners  indoors.  Also,  the  precision 
of  the  judgments  and  rate  of  growth  of  unacceptability  as  a  function  of 
the  intensity  of  the  booms  or  noise  was  about  50  percent  greater  for 
listeners  outdoors  than  indoors. 

5.  Subsonic  Aircraft  Noise 


The  results  obtained  when  sonic  booms  were  judged  against  the 
noise  from  either  turbojet  or  turbofan  subsonic  aircraft  were  comparable, 
provided  the  aircraft  noise  had  about  the  same  peak  PNdB  value.  Also, 
noise  from  turbojet  aircraft  was  generally  Judged  to  be  equal  in  accept¬ 
ability  to  noise  from  turbofan  aircraft  when  the  noises  had  the  same  PNdB 
value  except  when  landing  power  was  used  and  listeners  were  outdoors. 

6.  Discrimination  of  Intensity  Differences  in  Booms  and  Subsonic 
Alrcra.  t  Noise 

(a)  On  the  average,  two  booms  were  judged  to  be  significantly 
different  in  acceptability  when  their  nominal  or  measured 


•The  intensity  of  the  noise  from  the  subsonic  aircraft  is  reduced  more 
than  the  intensity  of  the  booms  as  the  result  of  passing  through  the 
roof  and  walls  of  a  house  because  the  typical  house  attenuates  the 
higher  sound  frequencies  (where  most  of  the  energy  of  the  aircraft  noise 
is  located)  more  than  the  lower  sound  frequencies  (where  most  of  the 
energy  of  the  sonic  boom  is  located).  Probably,  at  least  partly  for 
this  reason,  the  boom  is  rated  less  favorably  relative  to  the  noise  of 
an  aircraft  when  heard  indoors  than  outdoors. 
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peak  overpressures  differed  by  about  1  dB,  and  by  about 
2  dB  when  the  two  booms  were  compared  against  a  reference 
aircralt  noise, 

(b)  On  the  average,  two  aircraft  noises  were  judged  to  be  sig¬ 
nificantly  different  in  acceptability  when  they  differed 
by  about  2  PNdB,  and  by  about  4  PNdB  when  the  two  aircraft 
noises  were  compared  against  a  reference  boom, 

7.  Differences  in  Judgments  of  Subjects  Located  in  Different  Rooms 

and  When  on  Vibration  Isolation  Rids 

Systematic  differences  were  found  among  some  of  the  subgroups 
of  subjects  located  in  different  rooms  in  the  test  houses.  When  some  of 
the  subjects  were  exchanged  among  rooms,  it  was  found  that  sane  of  the 
differences  in  judgment  were  due  to  the  test  rooms  and  not  to  the  subjects. 

Placing  the  indoor  and  outdoor  subjects  on  vibration  isolation 
pads  did  not  significantly  change  their  judgments  of  the  sonic  booms 
relative  to  the  noise  from  the  subsonic  aircraft. 

8.  Attitude  Survey 

An  attitude  survey  ol  residents  (15  percent  of  whom  served  as 
subjects  in  these  experiments)  at  Edwards  Air  Force  Base  revealed  that 
2t>  percent  rated  the  boom  environment  as  being  between  less  than  "just 
acceptable"  to  "unacceptable"  lor  the  month  ol  June,  when  there  was  an 
aierage  ol  about  10  booms  per  day  at  a  median  nominal  peak  overpressure 
ot  about  1  .fit)  psf.  Fourteen  percent  of  the  residents  also  rated  the 
boom  environment  prior  to  June  as  being  between  less  than  just  accept¬ 
able  ’  to  "unacceptable."  During  this  previous  period,  there  were  about 
I  to  (i  booms  per  day  at  the  median  nominal  boom  level  Ol  1.2  pat.  Six 
percent  rated  the  ambient  dally  aircraft  noise  and  seven  percent  rated 
the  street  noise  as  being  between  less  than  "just  acceptable"  to  "unac¬ 
ceptable,  " 

!*.  Age  and  Sex  ol  Sub  n  et  s 

Within  the  adult  imputation  studied,  age  and  sex  are  not  sta¬ 
tist  ic.iliy  significant  factors  in  the  ratings  or  paired-comparison  ol 
the  unaceept  ablli  t  v  ol  sonic  booms  or  the  aircraft  noises. 


B.  Propagation  of  Sonic  Boon:  through  the  Air  and  Ground 


On  the  basis  of  theory  about  the  generation  and  propagation  of 
sonic  booms,  certain  nominal'  or  expected  sonic  boom  signatures  were 
predicted  for  the  various  sunersonic  aircraft  flying  unde*-  different  con¬ 
ditions  and  procedures.  The  overflights  made  for  the  psychological 
tests  were  designed  in  conjunction  with  the  requirements  tor  research 
on  propagation  and  generation  of  sonic  booms  anil  provided  the  conditions 
necessary  to  validate  and  further  develop  generation  and  propagation 
theory.  In  addition,  a  number  of  supersonic  flights  were  carried  out 
for  the  sole  purpose  of  making  certain  physical  measurements  of  sonic 
boom  propagation  phenomena.  The  physical  data  Irom  this  aspect  of  the 
program  that  have  been  analyzed  to  date  are  presented  in  Annex  C. 

Much  of  the  commonly  observed  variation  in  sonic  boom  signatures 
has  been  assumed  to  be  the  result  of  atmospheric  action  upon  the  shock 
wave  passing  through  the  air.  The  cl' tec  is  of  the  atmosphere  on  sonic 
boom  propagation  wore  studied  in  a  program  developed  by  ESSA.  The  pro¬ 
gram  included:  (1)  detailed  low-level  turbulence  statistics  in  the  im¬ 
mediate  area  of  surface  overpressure  measurements,  (2)  data  on  existence 
of  waves  on  lower  troposphere  inversion  surfaces  as  a  possible  mechan¬ 
ism  for  selective  focusing  of  sonic  booms,  and  (3)  the  area  distribution 
and  variability  of  overpressure  by  means  of  microphone  grid  arrays  of 
two  different  intervals  of  spacing  (,">0  and. 200  it).  The  meteorological 
and  overpressure  data  obtained  have  not  yet  been  correlated.  Research 
duta  on  atmospheric  inhomogenotties  were  collected  at  Edwards  and  are 
reported  in  Annex  D. 

Seismic  waves  excited  by  sonic  booms  may  also  cause  structural  and 
subjective  response.  Seismic  waves  produced  by  sonic  booms  were  meas¬ 
ured  and  the  results  of  these  measurements  will  be  found  in  Annex  E. 


.Summary  o!  liesults  on  Prupagat  ion 

Free-t  leld  sonic*  boom  overpressure  data  were  obtained  by  NASA  lor 

* 

a  series  ol  25  flights  of  the  XB-70  airplane.  For  cases  where  a  large 
nurnhor  ol  overpressure  data  points  are  available,  the  average  measured 
values  correlate  well  with  current  prediction  theory.  Variations  in 
the  signature  shapes  and  the  associated  variations  in  overpressures,  im¬ 
pulses,  and  time  durations  are  similar  in  nature  to  those  observed  pre¬ 
viously  for  smaller  airplanes.  Overpressure  measurements  obtained  at  a 
distance  ol  13  miles  from  the  flight  track  show  larger  variability  than 
those  measurements  made  on  the  flight  track.  This  increasing  variability 
with  distance  from  the  flight  track  is  also  consistent  with  results  of 
previous  flight  tests.  Variability  in  the  measured  boom  quantities  are 
markedly  greater  in  the  June  measuring  period  than  in  the  November 
through  January  period,  and  this  is  believed  to  be  related  to  atmospheric 
effects  since  reduced  convective  heating  in  the  lower  layers  of  the  at¬ 
mosphere  is  present  during  the  winter.  Sonic  boom  measurements  made  at 
2IHK)  feet  in  a  Goodyear  blimp  showed  that  the  lowest  2000  feet  of  the 
atmosphere  is  the  most  influential  cause  of  variations  produced  by  the 
atmosphere.  In  some  eases .higher  portions  of  the  atmosphere  may  also  be 
important.  Ground  measurements  were  made  of  sonic  booms  from  a  specially 
instrumented  F-loti  aircraft  flown  in  smooth  flight  and  in  porpoising 
flight  over  an  array  of  microphones.  Aircraft  Motions  of  the  F-106 
were  shown  not  to  contribute  significantly  to  observed  sonic  boom  sig¬ 
nature  variations.  A  larger  airplane  has  a  sonic  boom  that  depends 
relatively  more  on  its  lilt,  so  motions  ol  an  SST  in  flight  may  still 
lead  to  significant  variations  in  the  sonic  boom.  Some  differences  in 
overpressure  due  to  vortices  in  the  air  caused  by  subsonic  aircraft  Ily¬ 
in;*.  through  the  boom  path  were  noted. 


*  ji.-ru  I  light-  in  addition  to  those  involved  in  the  Edwards  Sonic  lloom 
T«*-t-  are  included. 
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Measurements  were  made  by  Geotech,  under  contract  to  NASA,  of  the 
seismic  waves  induced  in  the  ground  by  sonic  booms.  The  maximum  ground 
particle  velocity  observed  from  a  boom  of  2.0  psf  measured  peak  over¬ 
pressure  was  less  than  1  percent  of  the  damage  threshold  criterion  now 
recommended  by  the  U.S.  Bureau  of  Mines.  Further  analysis  of  the  data 
and  a  seismic  refraction  survey  of  the  local  geology  are  required  to 
obtain  a  more  complete  understanding  of  the  mechanism  by  which  seismic 
motion  is  produced  in  the  ground  by  air  shock  waves. 

C.  Energy  Spectra  of  Sonic  Booms 

Sonic  booms  have  been  typically  measured  in  terms  of  peak  over¬ 
pressure,  duration,  impulse  energy,  "effective"  overpressure,  and  rise 
time.  Waves  have  been  classified  as  rounded,  peaked,  etc.  Since  most 
of  the  Information  reflected  in  the  various  measures  mentioned  above 
is  in  the  energy  spectra  of  the  boom  signatures,  it  is  likely  that  this 
property  of  the  signatures  may  be  more  meaningful  and  helpful  than  any 
one  of  the  various  measures  heretofore  used.  Therefore,  part  of  the 
physical  data  analysis  will  be  concerned  with  the  question  of  what  por¬ 
tions  of  the  energy  spectra  are  most  highly  correlated  with  the  response 
of  people  or  structures  to  sonic  booms.  The  correlations  between  the 
various  portions  of  the  energy  spectra  and  psychological  response  data 
are  to  be  determined.  Of  possible  theoretical  and  practical  signifi¬ 
cance  are  the  differences  in  the  deviations  from  median  values  of  AP 
and  energies  in  various  frequency  bands  as  measured  by  five  microphones 
recording  the  same  event.  Energy  spectra  obtained  from  each  of  five 
microphones  for  16  B-58  flights  occurring  on  8  November  1966  and  8 
December  1966,  and  for  four  flights  Involving  XB-70,  B-58,  and  F-104 
aircraft  are  reported  in  Annex  F. 

Summary  of  Results  on  Energy  Spectra 

Theoretical  properties  of  the  energy  spectral  density  function  of 
the  sonic  boon  have  been  compared  to  properties  obtained  from  spectra 
calculated  from  actual  booms,  and  good  agreement  and  consistency  have 
been  found.  In  general,  the  experimental  data  indicate  that  all  parts 
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«>r  the  energy  spectrum  are  correlated  with  observed  variations  of  the 
peak  overpressure  (AP);  the  best  correlations  of  AP  occur  with  the  en- 
orgy  in  the  frequency  band  20  to  200  Hz  (E  _  „)  and  the  band  20  to 
1000  1 U  (E20.1000) ;  energy  in  the  band  0  to  50  Hz  (E0_50)  is  most  inde¬ 
pendent  or  variations  in  AP  for  a  series  of  10  nominally  similar  events. 
Correlations  of  energy  band  content  with  rise  time  are  poorer,  though 

still  significant;  E20-2oo  afld  E2G-1000  correlate  best  with  rise  time 

and  .correlates  least  with  rise  Use. 

0-50 

For  three  comparable  flights  of  XB-70,  B-58,  and  F-104  aircraft, 
the  energy  band  content  for  all  bands,  save  the  10-30  Hz  band,  ranks 
downward  in  the  order  listed.  In  the  band  10-30  Hz,  the  F-104  aircraft 
has  the  highest  energy  content  by  what  appears  to  be  something  in  ex¬ 
cess  of  2  dB  relative  to  the  XB-70.  This  particular  result  is  consis¬ 
tent  with  the  energy-spectra l- lobe  patterns  of  the  sonic  boom  spectra 
of  these  aircraft,  which  in  turn  is  associated  with  the  differing  sonic 
boom  duration  paramaters. 

The  least  variability  among  the  five  microphones  is  observed  in 
the  energy  measures  E^,  Ey_1000>  and  E^;  the  greatest 

variability  is  observed  in  AP  and  the  energy  measures  E2o-200  and 

y 

20-1000' 

D.  Response  of  Structures 


The  structural  response  portion  of  the  Edwards  Experiment  was  de¬ 
signed  to  meet  certain  objectives: 

1.  Determine  the  response  or  reaction  of  structures  to  sonic  booms 
generated  by  XB-70,  B-58,  and  F-104  aircraft 

2.  Investigate  any  damage  resulting  trom  these  sonic  booms 

3.  Dtvclop  a  means  of  predicting  structural  response  and  possible 
damage  from  sonic  boom  generated  by  the  SST  based  on  data 
from  present  aircraft. 


•Hz  *  cycles  per  second 
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With  those  objectives  in  mind,  two  test  house  structures  and  the 
Bowling  Alley  at  Edwards  Air  Force  Base,  and  a  two-story  house  struc¬ 
ture  in  Lancaster,  California,  were  i ns t rumen t ea . 

Instruments  were  installed  to  measure  the  following:  acceleration 
and  displacements  of  the  structures  and  various  structural  elements; 
acoustic  levels  and  variations  in  levels  at  different  locations  in  the 
test  house  structures;  strain  (compressive  or  tensile)  of  certain  ele¬ 
ments  of  structures  such  as  windows;  and  overpressure  levels  on  the  ex¬ 
terior  and  interior  of  the  structures. 

In  addition  to  the  above  physical  measurements,  a  survey  of  all 
glass  windows  at  Edwards  Air  Force  Base  was  conducted  prior  to  start  of 
test  overflights.  All  complaints  ol  damage  to  residences  and  structures 

at  Edwards  Air  Force  Base  and  the  surrounding  area  were  inves* i gated  as  ' 
soon  as  possible  after  being  received. 

Preliminary  data  and  results  arc  discussed  in  Annex  G.  A  summary 
of  damage  complaints  and  results  of  investigations  is  also  presented. 

Summary  of  Results  on  Response  of  Structures 

The  analysis  of  structural  response  data  and  the  investigation  of 
methods  for  predicting  structural  damage  are  In  progress.  The  prelim¬ 
inary  findings  are  as  follows: 

1.  Sonic  booms  from  large  aircraft  such  as  the  XB-70  and  the  fu¬ 
ture  Supersonic  Transport  will  affect  a  greater  range  of  struc¬ 
tural  elements  (those  elements  responsive  to  frequencies  below 
approximately  5  Hz)  than  will  sonic  booms  from  smaller  aircraft 
such  as  the  B-58  and  F-10-t;  these  results  are  predictable  from 


•In  addition  to  the  data  reported  in  Annex  G  the  Department  of  Agricul¬ 
ture  also  made  measurements  of  pressure  differentials  across  house  walls 
and  plywood  panels  erected  across  the  path  of  the  sonic  booei.  In  addi¬ 
tion,  fatigue  of  nail  joints  in  the  plywood  panels  due  to  sonic  booms 
was  also  evaluated.  At  the  present  time  these  data  have  not  been  fully 
analyzed  and  evaluated.  It  is  anticipated  that  »n  the  near  future  the 
U.S.  Department  of  Agriculture  will  publish  a  report  on  the  results  ob¬ 
tained  from  their  measurements. 
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a  knowledge  of  the  character i stirs  of  the  boom  signature  and 
the  response  characteristics  of  the  structural  elements, 

2.  So  damage  that  could  be  attributed  to  sonic  boons  was  ob¬ 
served  in  the  test  structures  during  these  experiments. 

However,  some  damage  was  alleged  to  have  been  caused  by 
sonic  booms  in  the  vicinity  of  Edwards  Air  Force  Base 

during  the  period  of  these  tests.  Fifty-seven  complaints 
were  received,  which  resulted  in  the  filing  of  19  claims 
against  the  Government  lor  alleged  sonic  boom  damage, 

3.  Three  reports  wore  received  ol  glass  damage  to  structures  at 
Edwards  Air  Force  Base  that  could  be  attributed  to  sonic 
booms  from  flights  conducted  for  these  experiments, 

F.,  Response  of  Farm  Animals  to  Sonic  Booms 

The  U.S.  Department  of  Agriculture  observed  the  response  of  vari¬ 
ous  animals  on  farms  located  near  Edwards  Air  Force  Base  during  the 
sonic  boom  tests  conducted  during  June  1966.  The  results  of  their  ob¬ 
servations  arc  reported  in  Annex  H. 

Summary  of  Results  oi  Response  of  Farm  Animals  to  Sonic  Booms 

1.  The  observed  behavior  reactions  of  animals  to  the  sonic  booms 
were  minimal  except  for  the  avian  species.  Also,  the  reactions 
were  more  pronounced  to  ncise  from  low-flying  subsonic  aircraft 
than  to  booms.  Furthermore,  the  reactions  were  of  similar 
magnitude  and  nature  to  those  resulting  from  flying  paper,  the 
presence  ol  strange  persons,  or  other  moving  objects.  For 
these  reasons,  a  strong  relationship  between  observed  behavior 
reactions  and  possible  herd  or  ilocH  production  depression  Is 
very  unlikely, 

2.  Although  no  signtl leant  changes  were  noted  in  production,  these 
tests  were  not  adequate  to  produce  any  conclusive  evidence  on 
this  aspect  oi  sonic  boom  el  fecit*.  The  number  of  farms  avail¬ 
able  was  insul i it  lent  lor  evaluating  production  effects  and  the 


location  of  those  available  was  not  suitable  for  proper  evalu¬ 
ation. 

It  Is  also  to  be  noted  that  the  area  around  Edwards  Air  Force 
Base  has  been  exposed  to  about  4-8  sonic  boons  per  day  for  the 
past  several  years.  Therefore,  some  of  the  farm  animals  nay 
have  become  considerably  "adapted"  to  sonic  boons  prior  to  these 
tests . 
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OPERATIONAL  TEST  PLAN 

FOR  SONIC  BOOM  EXPERIMENTS  AT  EDWARDS  AIR  FORCE  BASE 

INTRODUCTION 


A.  Background 

This  operational  Test  Plan  defines  the  initial  retirements,  re¬ 
sponsibilities,  and  functional  procedures  for  accomplishment  of  the 
Edwards  Air  Force  Base  Experiment.  Phase  1  was  carried  out  from  June  4, 
1966  to  June  23,  1966,  with  a  total  of  165  sonic  booms,  and  129  subsonic 
flights.  Phase  II  operations  commenced  on  October  31,  1966,  and  were 
completed  January  17,  1967,  with  a  total  of  202  sonic  booms  and  132  sub¬ 
sonic  overflights. 

B.  Specific  Tasks 

The  specific  tasks  in  support  of  the  general  objectives  were: 

1.  To  determine  the  subjective  reaction  caused  by  sonic  booms  gen¬ 
erated  by  XB-70,  B-58,  and  F-104  aircraft. 

2.  To  establish  the  acceptability  o'  subsonic  noise  (KC-135  and 
WC-135B)  versus  sonic  boom  (B-58)  to  test  subjects  chosen  from  residents 

of  Edwards  Air  Force  Base  and  from  civilian  communities. 

3.  To  perform  a  subsonic  jet  noise  versus  sonic  boom  subjective 
reaction  study  with  F-104,  XB-70,  and  WC-135B  aircraft. 

4.  To  determine  the  relations  between  various  measures  of  the 
physical  characteristics  of  the  acoustic  and  vibrational  signals  reach¬ 
ing  the  subjects  located  in  the  test  houses  and  outdoors  as  the  result 
of  sonic  booms  and  aircraft  noise. 

5.  To  obtain  subjective  response  data  to  sonic  booms  from  separate 
groups  of  subjects  located  within  10  ft  or  so  of  each  of  6  microphones 
located  at  various  Intervals  along  a  straight  8000- ft  line  under  the 
flight  path  of  an  F-104. 
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6,  To -determine  the  relationship  between  structural  response  and 
sonic  boosts  oi  various  signature  characteristics. 

7.  To  obtain  statistical  data  regarding  variations  of  signature 
shape  (overpressure,  rise  time,  etc.)  at  various  measuring  stations 
along  lines  parallel  with  and  perpendicuiar  to  the  flight  track. 

8.  Verification  and  improvement  on  the  general  solution  for  pre¬ 
dicting  sonic  boom  overpressures  and  signature  snapes  for  aircraft  of 
the  SST  class  through  the  use  oi  SB-70  and  SR-71  aircraft  as  research 
vehicles. 

9,  To  study  the  atmospheric  effects  on  sonic  boon  signature  propa- 
ga  t  ion . 

10.  To  perform  seismic  investigation  at  Edwards,  as  well  as  over 
specially  instrumented  arrays  in  Utah  and  Arizona,  to  determine  the  con¬ 
tribution  of  seismic  effects  to  total  structural  response. 

11.  To  conduct  some  special  experiments  relating  to  the  test  struc¬ 
tures;  specifically,  Helmholtz  resonator  studies,  use  of  a  sonic  boom 
shock  tube  simulator,  and  shaker  tests  of  the  test  structure  at  various 
attachment  points. 

12.  To  observe  the  behavior  of  farm  animals  subjected  to  sonic  boons. 
C.  Work  Assignments 

The  following  general  assignments  of  tasks  were  made  for  the  experi¬ 
ments. 

•  NASA  to  specify,  following  consultation  with  the  Air  Force  for 
operational  practicability,  the  experiments  that  are  concerned 
with  the  generation  and  propagation  of  sonic  boons  through  the 
atmosphere. 

•  ESSA  to  specify,  following  consultation  with  NASA  and  the  Air 
Force  for  operational  practicability,  the  experiments  that 
are  concerned  with  the  effects  of  weather  and  the  atmosphere 
upon  the  propagation  of  sonic  booms. 

•  Stanford  Research  Institute  (SRI)  to  specify,  following  ‘consul¬ 
tation  with  NASA  and  the  Air  Force  for  operational  practicability, 
the  experiments  that  are  concerned  with  subjective  reactions  to 
sortie  Interns  and  subsonic  aircraft  noise. 


•  John  A.  Blume  and  Associates  Research  Division  (JABARD)  to  spe¬ 
cify,  following  consultation  with  NASA  and  the  Air  Force  for 
operational  practicability,  the  studies  that  are  concerned  with 
structural  response. 

•  NASA  to  install  instrumentation  and  make  structural  response 
measurements  during  Phase  I.  During  Phase  II,  responsibility 
for  all  structural  response  instrumentation  operations  to  be 
assumed  by  JABARD,  including  previously  installed  NASA-owned 
instrumentation  in  all  test  structures. 

•  NASA  to  be  responsible  for  supervision  and  coordination  of  all 
sonic  boom  signature  measurements  not  involving  test  structures. 

•  Instrumentation  to  be  provided  by  the  Boeing  Company  to  augment 
the  NASA-installed  instrumentation  of  test  structures.  Lockheed- 
California  Company  (LAC)  instrumentation  to  be  utilized,  under 
the  supervision  and  coordination  of  NASA,  in  conjunction  with 
the  experiments  to  be  conducted  to  satisfy  the  ESSA  requirements. 
Boeing  and  Lockheed  to  operate  under  subcontract  with  JABARD. 

•  Structural  response  instrumentation  and  its  operation  to  be 
provided  during  Phase  I  for  test  house  in  Lancaster,  and  seme 
instrumentation  in  one  test  house  at  Edwards  by  Datacraft 
Company  operating  under  subcontract  with  JABARD. 

e  Seismic  measurements  to  be  obtained  by  the  Geotech  personnel 
at  Edwards  Air  Force  Base  during  this  test  period.  Additional 
measurements  in  Utah  and  Arizona  to  be  made  at  the  conclusion 
of  the  flight  operations  at  Edwards.  This  study  to  be  accom¬ 
plished  under  contract  to  and  supervision  of  NASA. 

e  Measurements  of  building  response  to  shaker  tests  to  be  re¬ 
corded  by  JABARD  and  the  information  made  available  to  NASA. 

NASA  to  supply  shakers  and  personnel  for  the  operation;  these 
operations  to  be  conducted  toward  the  end  of  the  sonic  boca 
program . 

•  Measurements  of  building  response  to  shock  tube  "firings"  to 
be  recorded  by  JABARD  and  the  information  made  available  to 
NASA.  Subjective  response  measurements  to  shock  tube  firings 
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to  be  made  by  SRI  and  the  information  made  available  to  NASA. 
Ling-Tcmco-Vought  (LTV),  through  NASA-LHC,  to  supply  shock  tube 
simulator  and  personnel  for  the  operation;  these  operations  were 
to  be  conducted  toward  the  end  of  the  sonic  boom  program, 

•  ESSA  to  provide  all  technical  and  supervisory  personnel  re¬ 
quired  to  man  their  instrumentation.  Additional  instrumenta¬ 
tion  to  be  provided  through  JABARD  and  a  USAF  specially- 
instrumented  C-131  aircraft,  A  Cessna  150  light  aircraft  was 
also  instrumented  by  ESSA  to  more  accurately  probe  the  struc¬ 
ture  of  the  low-level  temperature  inversion. 

•  Aircraft  support  to  consist  of  the  XB-70  and  B-58's,  F-104’s, 
WC-135B’s,  and  C-131's  from  their  respective  home  stations. 

Some  aircraft  to  recover  at  Edwards  Air  Force  Base  for  subse¬ 
quent  launch,  while  others  to  return  with  air  refueling.  In 
addition  to  the  AFSC  B-58  based  at  Edwards  Air  Force  Base,  SAC 
was  to  provide  support  to  assure  B-58  capability  for  each  XB-70 
flight.  Control  timing  to  be  as  outlined  in  SAC  Operations 
Plan.  F-104's  to  be  provided  by  AFSC  in  accordance  with  a 
prearranged  schedule.  WC-135B  aircraft  to  be  provided  by 

MAC  9th  Weather  Squadron  at  McClellan  Air  Force  Base,  California, 

•  USDA  to  provide  all  technical  and  supervisory  personnel  for 
the  observation,  recording,  and  analysis  of  the  response  to 
sonic  booms  of  animals  located  on  selected  farms  near  Edwards  AFB. 

0 •  Data  Reduction  and  Dissemination  Responsibility 

NASA  was  responsible  for  the  analysis,  interpretation,  and  documen¬ 
tation  of  all  pressure  data  concerned  with  the  generation  and  propagation 
through  the  atmosphere  of  the  sonic  booms.  Publication  of  pressure  data 
as  required  by  ESSA,  SRI,  and  JABARD  was  coordinated  witl  jitSA  to  insure 
best  and  most  uniform  presentation  ol  these  data. 

JABARD  provided  preliminary  reduction  of  structural  response  data, 
digitization  «>t  flee- field  pressure  signature  data,  computer  print-outs 
«»l  mission  logs  and  tree-field  pressure  data,  digitization  «l  certain 
~  t  nut  oral  response  data,  and  duplicate  tapes  of  certain  raw  data  records. 
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JABARD  was  responsible  for  disseminating  raw  instrument  data  from  the 
test  structures,  computer  print-outs,  and  digitized  free-ficld  and 
structural  response  data. 

SRI  digitized  and  analyzed  all  acoustic  and  structural  response  re¬ 
cordings  data,  which  were  to  be  correlated  with  the  subjective  response 
data,  and  correlated  and  interpreted  the  subjective  response  data,  with 
respect  to  outdoor  and  indoor  physical  measures  of  sonic  booms  and  air¬ 
craft  noise.  In  addition,  SRI  is  responsible  for  providing  an  overall 
assessment  and  evaluation  of  the  Edwards  Air  Force  Ba>^  sonic  boom  ex¬ 
periments. 


II  EXPERIMENTAL  LAYOUT 
A.  General  layout  of  Test  Areas 

The  general  layout  of  the  test  area  showing  deployment  of  the  sonic 
boom  measuring  stations  and  flight  track  iB  shown  in  Fig.  A-l. 
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B.  Instrumentation  Layout  -  Frec-Fielri 

The  free-field  microphone  layout  included  65  channels  (31  NASA-LHC, 

16  NASA-FRC,  and  18  LCC)  arranged  in  three  basic  deployments.  (Figs.  A-2.A-3). 

The  basic  deployment  lor  the  XB-70  (lights  permitted  a  maximum  num¬ 
ber  of  microphones  along  the  flight  track  including  the  cruciform  array 
(see  Fig.  A-2)  and  also  permitted  stations  to  be  set  up  for  the  lateral 
spread  measurements  to  each  side  of  the  flight  track  (approximately 
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30  miles  to  each  side)  out  of  the  "cutoff  point"  determined  by  atmos¬ 
pheric  refraction  (Stations  1,  2,  3,  6,  7,  8,  9,  and  cruciform  at  E-2). 

In  any  case,  each  lateral  measuring  station  had  from  3  to  5  microphones 
(see  insert,  Fig.  A-l)  spaced  approximately  200  ft  apart  along  the  flight 
track  for  determination  of  atmospheric  distortion.  A  maximum  of  about 
40  channels  were  located  along  the  ilight  track.  .Vo  pressure  measure¬ 
ment  stations  were  located  within  the  bombing  range. 

The  second  basic  deployment  was  for  the  B-58/F-104  flights  and  was 
used  primarily  to  obtain  a  dense  microphone  array  at  Site  9  (see  Fig, 

A-4)  for  the  ESSA  atmospheric  studies  and  also  to  obtain  lateral  spread 
information  relating  to  the  aircraft  offset  studies  originally  proposed 
but  not  incorporated  into  the  flight  program.  This  microphone  arrange¬ 
ment  eliminated  the  scheduling  of  additional  aircraft  offset  flights. 

This  second  basic  deployment  involved  about  42  channels  at  Site  9  and 
also  involved  lateral  Stations  3,  4,  6,  and  7  (see  Fig.  A-l)  plus  the 
cruciform  which  was  always  fixed  at  the  test  house  location  (E-2). 

The  65  channels  measuring  sonic  boom  overpressure  data  were  in¬ 
stalled  to  provide  maximum  positive  and  negative  overpressure,  period, 
and  waveform  class  including  near-field  or  far-field  classification. 

The  six  cruciform  microphones  located  near  E-2  test  structures  provided 
positive  overpressures,  rise  times,  periods,  waveform,  etc.,  as  shown 
by  the  sample  waveforms  in  Fig.  A-5.  These  data  were  supplied  at  the 
conclusion  of  each  day's  missions  for  inclusion  into  the  data  printout 
scheme  set  up  and  implemented  by  SHI  and  JABARD.  Knowledge  of  the  wave¬ 
form  permits  an  indication  of  the  distortion  resulting  from  the  atmos¬ 
phere  and  expedited  transmittal  of  information  to  SRI,  JABARD,  ESSA, 
and  Ceotech  without  having  to  scan  all  of  the  many  microphone  channels. 

In  conjunction  with  pressure  measurements,  measurements  of  air  tempera¬ 
ture  at  heights  up  to  10,000  ft  MSL  were  made  by  means  of  modified, 
siow-rise  radiosi  lue..  and  instrumented  aircraft.  The  latter  were  used 
to  obtain  horizontal  temperature  profiles  in  the  vieimt)  ol  any  existing 
temperature  inversions. 
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FIG.  A-4  MICROPHONE  ARRAY  FOR  ESSA  STUDIES  —  SITE  9 
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Instrumental  ion  Layout  -  Structures 


The  test  facilities  were  comprised  of  two  test  structures  and  an 
adjacent  concrete  block  house  located  about  one  mile  south  and  west  of 
the  mam  runway  at  Edwards  Air  Force  Base.  The  two  main  test  structures 
were  a  one-story  house,  E-l,  and  a  two- story  house,  F-2  {Fig  1-1), 

Another  test  structure  was  the  Bowling  Alley,  £-3,  located  about  two 
miles  north  and  west  of  the  main  runway  (Fig.  A-l).  All  structural  and 

subjective  responses  were  measured  and  recorded  in  and  around  £-1,  E-2,  a 
and  £-2.  Tables  A-l  to  A-3  and  Figs.  A-6  to  A- 11  present  a  listing  of 
the  locations  of  all  instruments  with  their  specifications,  together  with 
plan  and  elevation  sketches  of  the  test  structures  showing  the  dimensioned 
locations  of  the  in .irumentation  for  Phase  II.  Some  changes  in  the  in¬ 
strument  location  were  made  during  the  tests.  The  most  important  changes 
were  the  addition  of  loading  microphones  on  the  outside  <>1  houses  E-l 
and  E-2,  additional  audio  microphones  inside  E-I  and  E-2,  and  the  dis¬ 
placement  gages  in  E-2  between  Phase  I  and  Phase  II. 

D.  Flight  Mission  Layouts 

Figures  A-12  through  A-15  present  the  mission  layouts  for  all  sched¬ 
uled  flights.  On  each  figure  are  indicated  the  mission  numbers,  basic 
setup,  indication  of  parties  involved,  aircraft  type  including  flight 
track  and  headings,  steady  point,  recorders  on,  and  end  of  run.  Figure 
A-12  was  designed  lor  missions  1-8*1,  Fig.  A-13  is  a  supplement  ior  probe 
flight  missions  l— I,  Fig.  A- 14  is  for  the  8000-ft  linear  array  used  in 
the  ESSA  study,  and  Fig.  A-15  for  the  high  altitude,  high  Mach  number 
SR-71/Y12  flights  m  which  some  building  response  studies  were  sched¬ 
uled  (no  subjective  studies  involved).  One- hundred- one  missions  were 
flown  in  Phase  1  using  one  or  two  supersonic  aircraft.  Eighty-four 
missions  were  planned  in  Phase  II  using  up  to  four  aircraft  per  mission. 
Over f  1  Iglit s  wort  scheduled  to  occur  between  0830  and  1230  on  mission 
day  *.  Sec  Appendix  A-l  t*»r  details  of  aircraft  operational  support. 
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TABLE  A-l 


Transducer 

MA-1 

MA-2 

KA-3 

MA-1 

MA-5 

MA-7 

A-l 
A -2 
A-3 
A -5 
A -6 
A-l  1 

KL-1 

ML-2 

ML-3 

ML-1 

ML-5 

ML-6 

SG-3 


INSTRUMENTATION  LOCATION  -  STRUCTURE  E-l 
(Sec*  Fig.  A-6) 


Channel 

101  In  center  of  LR  suspended  6  feet  lrom  floor. 

102  In  center  of  FR-KIT  area  suspended  6  leet  lrom  floor. 

103  Center  BR  #1  suspended  6  feet  from  floor. 

10-1  BR  #1  movable. 

10a  FR-KIT  area,  movable  by  SRI. 

113  Outside  subject  group. 

304  On  concrete  block  in  LR. 

305  On  concrete  block  FR-KIT  area. 

106  On  concrete  block  BR  #1  (vertical). 

201  At  top  plate  on  E  wall  at  XE  corner. 

203  At  top  plate  on  N  wall  at  NE  corner. 

202  BR  #1  E  wall  (horizontal). 

803  Outside  N  wall  above  plate. 

804  Outside  E  wall. 

204  BR  #1  next  to  A-ll. 

205  Center  celling  attic  side  above  FR-KIT  area. 

805  Outside  W  wall  of  garage  at  plate  line. 

806  Center  outside  S  wall  above  plate  line. 

207  Center  big  window  (garage). 

209  Trigger  mike  in  field. 
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TABLE  A -2 

INSTRUMENTATION  LOCATION  -  STRUCTURE  E-2 
(Sec  Figs,  A-7  through  A-9) 


Channel 

MAX 

107 

HA  -2 

108 

MA-3 

109 

MA-1 

110 

MA-5 

111 

MA-b 

112 

A-l 

301 

A -2 

302 

ML-2 

408 

ML-3 

409 

ML-4 

410 

A-3 

303 

Al* 

30b 

A2 ' 

307 

A3’ 

308 

A6 ' 

309 

A9' 

310 

A10* 

311 

All' 

312 

A12 ' 

313 

A -5 

401 

A -6 

103 

A-7 

405 

A -8 

407 

A-9 

402 

A-U 

101 

A-12 

10b 

SG4-1 

206 

SG4-2 

208 

SG4-3 

210 

SG4-1 

212 

0-1 

411 

D-2 

112 

ML- 11 

811 

ml- in 

812 

ML- 13 

Bit* 

ML- 11 

a  09 

ML- 13 

80 1 

ML- lb 

802 

ML- 17 

807 

ML-18 

808 

Between  LR  and  DR  6  feet  a hove  floor. 
Over  center  in  KIT  6  leet  above  floor. 
Center  ol  BR  01  b  feet  above  floor. 
Center  of  FR  6  feet  up. 

Movable  FR-KIT-DR, 

Movable  FR-KIT-DR. 

On  concrete  block  DR, 

On  concrete  block  FR. 


Suspended  between  LR  and  DR  adjacent  to  MA-1 
Located  in  attic  above  BR  #1. 

Suspended  below  ceiling  center  BR  #1. 


On  concrete  block  BR  #1, 

On  concrete  block  FR. 
Movable  FR-KIT-DR  area. 
Movable  FR-KIT-DR  area. 
Movable  FR-KIT-DR  area. 
On  concrete  block  BR  #1. 
Movable  FR-KIT-DR  area. 
Movable  FR-KIT-DR  area. 
On  concrete  block  BR  #1. 


vertical. 

(Dinette  window  10/31) 
(Ffentry  louver  door  10/31) 
(Cabinet  door  10/31) 

(N-S  Direction)  -  Movable 
(Side  of  stove  10/31) 
(Dining  room  window  10/31) 
(E-W  direction)  -  Movable 


On  exterior  at  roof  plate  line  on  N  side  of  NE  corner. 

On  exterior  at  roof  plate  line  on  E  side  of  NE  corner. 

On  exterior  at  second  floor  plate  line  on  N  side  of  NE  corner. 

On  exterior  at  second  floor  plate  line  on  E  side  of  NE  corner. 

On  bottom  chord  of  roof  truss  approximately  over  center  of  BR  #1. 

On  center  stud  at  mid-height  on  E  wall  of  DR. 

On  center  stud  at  mid-height  on  N  wall  of  BR  #1. 

Located  on  large  plate  glass  window  garage  entrance. 

Located  on  large  plate  glass  window  garage  entrance. 

Located  on  large  plate  glass  window  garage  entrance. 

Located  on  large  plate  glass  window  garage  entrance. 

Ad  |Jcent  toA-5  with  same  axis. 

Adjacent  to  A-tj  with  same  axis. 

Outside  E  wall  middle  o!  second  story. 

Outside  E  wall  middle  ol  i*rst  story,  outside  of  OH . 

Outside  on  wall  above  garage  root. 

Outside  k  garage  wall  above  plate  line. 

Center  ol  root  N  side. 

Center  ol  high  root  S  side. 

Outside  N  wall  middle  ol  second  story. 

Outside  X  wall  mid-second  story,  midway  between  porch  roof  and  eave  line. 
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TABLE  A-3 


INSTRUMENTATION  LOCATION  -  STRUCTURE  E-3 
(See  Fig.  A -10) 


AIM 

301 

Top  ol 

steel  column  (interior  Ol 

A2H 

502 

Top  ol 

steel  column  (south  side) 

A3H 

303 

Top  ol 

steel  column  (south  side) 

AIM 

301 

Top  ol 

steel  column  (west  side)  ! 

A3V 

305 

Center 

ol  rool  girder,  vertical  ; 

11-2 

312 

Interior  -  3'  below  rool . 

M-l 

513 

Exterior  -  above  rool. 

S1L 

507 

Strain 

gage  on  bottom  flange  of 

S2L 

508 

St  rain 

gage  on  bottom  tlange  of 

S3L 

309 

Stra in 

gage  on  bottom  flange  of 
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700(1  4 


2001(4 

•  STRAIN  GAGE 
■  ACCELEROMETER 
4  MICROPHONE  (  20-10,000  Hi) 

fc  MICROPHONE  (001- 10,000 H|| 
u  ieiM 


FIG.  A-6  INSTRUMENTATION  LOCATION. 

STRUCTURE  E~l  FLOOR  PLAN 


A-lio 


LOADING  MICROPHONES 


ML  I 

M*_  2 


ML  3 
ML  « 


moot*  WAu..  CENTERED  ABOVE  PLAlE  LINE 
EAST  WALL.  CENTERED  ABOVE  PLATE  UNE 
WEST  wall  OE  garage  at  Plate  line 
SOUTH  wall  ABOVE  PLATE  LINE 


accelerometers 


as  east  wall  exterior,  ne  corner,  plate  line 
At  north  WAL.  EXTERIOR,  ne  corner,  plate  LINE 


FIG.  A-7  INSTRUMENTATION  IOCAT.ON,  STRUCTURE  E~1  ELEVATION 
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LOADING  MlCgOgHOjjES 


ELCVATIQH  C _ 

FIG.  A-9  INSTRUMENTATION  LOCATION,  STRUCTURE  E-2  ELEVATION 


MM  M 


ACCELEROMETERS 

AS  NORTH  WALL.  NC  CORNER.  2nd  STORY.  PLATE  LINE 
At  EAST  WALL,  NE  CORNER.  2nd  STORY.  PLATE  LINE 
AT  NORTH  WALL,  NE  CORNER.  I  At  STORY,  PLATE  LINE 
At  EAST  WALL,  NE  CORNER.  STORY,  PLATE  LINE 

LOADING  MICROPHONES 

11  EAST  WALL,  MIDDLE  Of  2nd  STORY 

12  EAST  WALL.  MIDDLE  OP  I  »t  STORY.  OOTSIOE 
DINING  ROOM 

IS  CENTER  OE  NORTH  ROOT  AREA 
It  CENTER  OP  SOUTH  ROOP  AREA 
IT  NORTH  WALL.  MIDDLE  OP  2nd  STORY 
II  SOUTH  WALL.  MIODLE  OF  2nd  STORY 


FIG.  A- 10  INSTRUMENTATION  LOCATION,  STRUCTURE  E-2  ELEVATION 
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A2H  (502) 
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A4h 
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P 
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(509) 

S5l  on*l  single 


^  ( 508) 
S  S2L 


[  (51 J)  (512)  -  _cc 

i  Am 4  AM 2  1 
|/«A5V  Asil  )  SEft.fl0N 
'/  (505)  (  507)  ^ 


-H 


WEST 


Z  PURLIN  EAST  OP  COL 
AIHJ50I) 

"h— - 


ENTRANCE 


-H 


'/4  PT  GIRDER  SPAN 


I 


NORTH 

PLAN 


ACCELEROMETERS 
A)H  TOP  OP  COL 
A2H  TOP  OP  COL 
A3H  TOP  OF  COL 
A4H  TOP  OF  COL 
ASV  CENTER  OF  GIRDER 


MICROPHONES 
M2  INSIDE  3  BELOW 
ROOF  Z 

M4  OUTSIDE  ON  ROOF 
(504)  CHANNEL 


strain  gages 


S1L  BOTT.  FLG.  OF  GIRDER  AT  Q_ 
S2L  BOTT  FLG  OF  GIRDER  AT  \  PT 
S3L  BOTT  FLG  OF  PURLIN  AT  ^ 


'MOIS-I 


FIG.  A-n  INSTRUMENTATION  LOCATION,  STRUCTURE  E-3  ELEVATION  AND  FLOOR  PLAN 
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MISSION  NO,  I  through  84 

(For  E fob*  Flight!  tat  map  for  minion  1-5,  Frg.  A— 13) 


SETUP:  All  hotal  t  (EH.  E-2,  E-3)  Sit.  9,  lot.rol  itotioni 

FOR:  SRI.  JAB,  NASA,  ESSA,  and  Geotoeh 

A/C:  B-70,  B-5B,  F-104,  CW-135B  (all  a  'c  on  W”  mag,  hdg.  ovar  Hot.l  E“2 

•■capt  tom*  B-70  flight!  diiplacad  13  it.  mi,  north  on  245°  mag,  hdg,  and 
CW-I35B  an  hooding  065°  mag.  ever  Hot»l  E“2), 

STEADY  POINT:  B"58,  F-104  at  22  n.mi.  aoit  of  Hotal  E-2,  B“70  at  minimum  e(  33  n,mi. 

tail  of  Hatal  E~2.  B"58,  B-70,  F-104  hold  condition!  from  steady  point 
to  Hotal  E~2.  CW-135B  itaody  2  minutoi  prior  to  overhead  Hotal  E“2  and 
hold  2  minutai  oftar  pelting  Hotal  E~2. 

RECORDERS  ON:  For  ionic  boom  runt  at  Taeart  for  ell  lotarol  Italian!  ond  at  overhead  Hotal  E“2 
for  all  hetoli  ond  Site  9.  For  noiio  rum  (CW-135B)  count  down  only  from  2, 

1  12,  1,  ond  1  2  minute  te  overhead  Hotal  E”2  (not  nocanory  to  indicate 
raeordari  on). 

END  RUN:  Sonic  boom  turn  -  ovar  Hotel  E~2  A/C  STEADY  POINT 


1,  Note:  For  ell  above  tome  boom  rum  oil  overpretsure  meoiuromant  itotioni,  subjective 

raiponie,  ond  building  raiponia  -'H.-.rat  £  - 1,  E  _2,  E”3)  ore  involved.  For  a  e 
non#  rum  (CW-135B)  only  iub|cc:i,r  ond  Hofeli  E“1  and  E— 2  ore  involved. 

2.  Note:  On  B-70,  NASA,  F-104  probe  flights,  probe  fait  mult  be  completed  by  Four  Corner! 

ond  F-104  a  c  turn  off  to  oi  not  to  boom  Hotal  E~2.  If  probe  million  not  completed 
by  Four  Corner!,  then  NASA  probe  F-104  mult  abort  (lee  mop  for  million!  1"J  Fig,  A— 10.) 

to  •0011-1 


FIG.  A*  12  FLIGHT  TRACKS,  MISSIONS  1-84 


3est  Available  Co 
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PROBE  MISSIONS  1  -  5 
(ottochment  to  mimont  1  *  84) 


SETUP:  ($••  mi»»ion»  1“84,  Fig.  A*12) 

FOR:  NASA-LRC 

A  C.  B-70  01  gonorating  otrcroft  ond  NASA  FRC  F ”  104-  B-70  at  M  -  1.5 

at  37,000'  mil  and  F-104  at  1.3  to  1.7  at  42,000'  mil.  Hdpi  245"  mop. 
on  frock  ovti  Hotal  E-2. 

START  PROBE 

PENETRATION:  Sodo  lak#  {appro*.  90  n. mi.  tatt  of  Hotol  E-2) 

END  PROBE 

PENETRATION:  Four  Corntti  (10  at  net  to  boom  Hotol  E~2  aroo  with  NASA  F-104  ptobo  a  c.) 


1.  Noto:  Probo  million  it  accampluhod  at  follow.:  B-70  patttl  F-104  who  t»  at  M  1.3, 

than  F-104  accaloratot  to  M  -  1.7  and  pout.  B-70,  than  F-104  doeoloratoi  to 
M  1.3  back  through  6*70  flow  fiald.  Abovt  it  option  the  condition.  Minimum 
conn  1*1  of  only  nog  I#  mtoiuromtnt. 

2.  Notr  If  prob*  F-104  do#t  not  compltto  hit  mniion  by  Four  Comort,  thon  probo  mitnon 


FIG.  A- 13  FLIGHT  TRACKS,  MISSIONS  1-5 


MISSION  NO.  8K  -1,  2,  3, - . 

SETUP:  Eon  L okabad  Stta  8000'  Linn  Array 

FOR;  ESSA 

A  C:  F-1S4  at  30,SOO' mal  ot  M  1.3  on  245”  mag.  Mg, 

STEADY  POINT:  Four  Cantata 
RECORDERS  ON:  At  TACAN 

END  RUN:  Eoit  Edga  of  Rogart  l aka  (too  tkatch  balow) 


Nota:  For  thaia  itudiaa  no  building  raaponta  maoauratnanta  or  lubiactiva  atgdioi  involvod- 


ENO  RUN  RECORDERS  ON 


a/:  STEAOY  POINT 
f  START  RUN 


.2AS* 


WlA6 


K 


CORNERS 


,,  i 

0  IS 

SCAic—  an 


ta-to»a-« 


FIG.  A-14  FLIGHT  TRACKS,  8000-FOOT  MICROPHONE  ARRAY  MISSIONS,  F-104 
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MISSION  NO.  SR  -  1.  2.  3.  - 


SETUP:  Thot  e*i  sting  for  scheduled  piogrom  mission 

FOR:  NASA  (rodor  plots  to  bo  hold  in  Mo  by  SPORT  -  plot'  required  from  t'eody 

point  to  ©vorhood.) 

A/C:  SR -71  or  Y-12  (olwoys  identified  os  SR  but  SPORT  will  mor-  plot  os  SR  oi 

Y  — 12  w>th  coll  sign)  oil  flights  over  Hotol  E~2  ot  flight  categories  a.  b,  c.  d, 
o,  f,  g,  h  (SPORT  to  notify  Tango  1  of  onpoctod  flight  cotogonos  (i.e..  o,  b,  etc.) 

STEADY  POINT:  Approx  25  n.mi.,  in  any  direction,  from  Hotol  2  (E-2) 

RECORDERS  ON:  At  Tacon  ond  ogoin  Hotol  E-2  (seo  Note  1) 

END  RUN:  Ovor  Hotol  E~2  i  SJA  l 


TEHACHOPI 

□ 


/ 


SITE  9  AND  /□  MOJAVE 
ALL  HOTEL  / 

RECORDERS  ON 


NLLSKIdtlw.  )  tracks 


105*  MAC  J 

ossritSS-* 


LATERAL  stations 
RECORDERS  ON 

HARPER  LAKE 


J 

MIRAGE  LAKE 


22  A  mi  RADIUS  r 

Vt  STEADY  POINT 


®STA  8 


0  5  « 

SCAlC  —  milts 


1.  Note:  For  oil  cost  to  wost  or  west  to  east  or  ovor  supersonic  corridor  runs  oil  hotels  ond 

overpressure  recording  ttotioi.s  involved  ond  recorders  on  ot  both  Hotel  E~2  ond  Tocen. 
P at  !!  *»*  Ho^inr  *hoi  A  '■#  Tengo  1  end  Site  9  involved  or  c-.rr  * 
r# ,w»oors  on  only  at  Hotol  E  2. 

2.  Note:  For  those  studios  only  NASA  pressure  measurements  end  «i  t.mes  bu»ld«ng  response 

moo sur em#n*t  pro  involved  (not  lubitctivo  rludies)  depending  on  how  SR  or  V  — 12 

missions  ore  scheduled. 


3.  Note:  Flight  cote  gory  specifies  oft.  end  M.  These  wilt  net  bo  announced,  only  category 
Me..  a,  b,  «,  etc.l.  \p  settings  obtained  from  separate  listing. 

is  *  IOII  ) 


FIG.  A- 15  FLIGHT  TRACKS,  SR-71 
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Ill  INSTRUMENTATION  AND  DATA  REDUCTION 

A.  Instrumentation  Installation  and  Operation 

1.  Free-Held 

NASA  installed  and  operated  the  six  microphone  systems  in  the  cru¬ 
ciform  array  located  near  E-2.  (Fig.  A-2).  The  tape  recorder,  signal 
conditioning  equipment,  and  direct  write  system  were  housed  in  a  trailer 
located  approximately  due  north  of  E-l,  Ir.  addition,  NASA  together  with 
Lockheed,  installed  and  operated  the  microphone  systems  shown  in  Fig,  A-3, 
Recording  and  signal  conditioning  equipment  was  installed  in  mobile  vans 
or  in  fixed  shelters.  Power  for  equipment  was  supplied  from  portable 
generators. 

Table  A-4  gives  the  operating  characteristics  of  the  free-field 
microphones. 

ESSA  measured  wind  velocities  and  air  temperatures  at  two  levels 
above  the  ground  (10  and  85  ft)  with  instruments  located  on  a  tower  90 
ft  high.  (Appendix  C)  Measurements  were  recorded  on  a  14-channel  FM  tape 
recorder  located  in  a  temporary  structure.  Power  was  supplied  by  a  por¬ 
table  generator  supplied  by  NASA.  The  Air  Weather  Service  Detachment 
also  made  soundings  of  temperature,  humidity,  and  wind  to  at  least 
10,000  ft  above  the  operating  altitudes  of  aircraft  producing  the 
sonic  booms. 

2.  Structures 

Aerojet  General  Corporation,  Aetron  Division  under  subcontract  to 
JABARD  operated  instrumentation  during  Phase  II  previously  installed  and 
operated  by  NASA  during  Phase  I  in  E-l,  and  E-2,  and  E-3,  The  instru¬ 
ments  in  the  house  in  Lancaster  were  installed  and  operated  by  Datacraft, 
Inc.,  under  subcontract  to  JABARD  during  Phase  1.  Equipment  was  checked 
out  and  necessary  adjustments  were  made  for  Phase  II  operation  during 
the  last  two  weeks  in  October.  JABARD  also  rearranged  some  of  the  trans¬ 
ducers  in  E-l  and  E-2  to  meet  SRI  Phase  II  requirements.  JABARD  fur¬ 
nished  and  installed  four  additional  microphone  systems  and  two  displace¬ 
ment  transducers  in  E-2  and  two  additional  microphone  systems  in  E-l  for 
Phase  II. 


A- UP 


TABLE  A-4 

OPERATING  CHARACTERISTICS  OF  FREE  FIELD  MICROPHONES 

Microphone  type  Photocon  PRP-464-15D  (Modified  by  partly 

plugging  vent  hole  to  extend  low  frequency 
response) 

Frequency  response  0.02-10,000  Hz  +2  dB 

Resonant  frequency  About  7000  Hz 

Signal  Conditioner  Photocon  DG-605D  Dynagage 

Amplifier  Burr-Brown  Model  9077A 
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B>h  mg  under  subcontract  to  JABARO  lurnishid,  installed,  and  oper¬ 
ated  twelve  microphone  systems  located  on  the  exteriors  of  E-l  and  E-2 
to  measure  boom  loadings  on  these  two  structures  during  Phase  II,  Re¬ 
cording,  signal-conditioning,  and  direct-write  equipment  were  installed 
in  the  garage  of  E-2,  Boeing  also  provided  IRIG  time  digital  readout 
systems  for  use  in  E-2.  Power  for  equipment  was  available  in  E-l  and 
E-2  from  power  panels  separate  from  those  used  for  supplying  power  for 
lights  and  receptacles  in  the  two  structures. 

Aetron  installed  recording  and  signal  conditioning  equipment  in  a 
designated  room  at  the  Bowling  Alley,  connected  it  to  instrumentation 
previously  installed  by  NASA,  a>'d  then  cheeked  out  and  operated  the  ten 
transducer  systems. 

Tables  A-5  to  A-7  present  the  operating  characteristics  of  the 
instruments  installed  in  the  test  structures. 

A  number  of  precautions  were  taken  to  minimize  thermal  drift  in 
equipment  subject  to  temperature  changes.  In  test  structures,  E-l,  E-2, 
and  E-3,  power  to  all  equipment  was  left  on  so  that  temperature  gradients 
in  the  equipment  could  stabilize.  Racks  were  generally  enclosed  so  that 
the  temperature  of  the  air  immediately  surrounding  the  equipment  did  not 
change  too  rapidly  in  case  of  a  sudden  change  in  ambient  temperature. 
Power  was  also  left  on  to  minimize  thermal  shocks  which  tend  to  shorten 
component  life. 

Instruments  wore  calibrated  according  to  the  procedures  outlined  in 
Appendix  A-2, 

3,  Recording  Systems 

CEC  Model  No,  VU  3300  magnetic  tape  recorders  were  used  for  all 
instrumentation.  Fourteen  track  machines  were  used  in  and  near  the 
structures  and  seven  track  machines  on  the  large  microphone  arrays. 

Tape  speed  was  30  Ips  with  FM  recording.  Center  frequency  was  54,0  kHz 
with  an  information  frequency  of  0-10  kHz  ±0,5  dB,  The  full-scale 
slgnal-to-noisc  ratio  (RMS  signal/RMS  noise)  was  13  dB.  Harmonic  dis¬ 
tortion  was  1,5%, 
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Best  Available  Copy 
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4.  Timing  Information 


A  standard  IRIG  B  time  code  format  was  recorded  on  one  channel  of 
each  analog  magnetic  tape  for  time  correlation  to  1  millisecond  or 
better.  Some  trouble  was  experienced  with  the  time  code  in  Phase  I. 

During  Phase  II,  this  code  was  uninterrupted  during  duration  of  each 
test  flight  and  met  the  specifications  of  REFERENCE  IRIG  DOCUMENT  104- 
60. 

START  and  STOP  times  for  accurately  digitizing  analog  data  were 
based  on  manual  reading  of  direct-write  oscillograph  records.  Noninal 
boom  times  were  recorded  from  a  time  code  translator  located  in  test 
structure  E-2  as  a  check  on  the  values  read  from  the  oscillographs. 

Manual  readout  to  the  nearest  second  was  required  for  booms.  Noise  re¬ 
cordings  of  a  typical  aircraft  flyby  included  three  minutes  of  uninter¬ 
rupted  aircraft  noise  with  75  seconds  recorded  before  and  after  the  air¬ 
craft  passed  overhead  or  as  directed  by  SRI.  Notation  of  START  and  STOP 
times  for  noise  records  was  provided  by  SRI.  Notation  of  START  and  STOP 
times  for  boom  records  was  provided  by  Data  Reduction.  "Recorders  On" 
signals  were  the  responsibility  of  NASA  and  Edwards  Air  Force  Base  con¬ 
trol. 

B.  Data  Reduction 

Analysis  of  the  data  recorded  by  the  various  participants  is  being 
made  in  two  steps.  The  first  step  made  use  of  preliminary  results  ob¬ 
tained  by  reading  direct-write  records,  raw  data  summary  sheets,  subject 
records,  and  preliminary  analyses  by  computer  of  selected  records. 

Other  more  detailed  analyses  were  made  during  the  test  flights  and  are 
now  being  made  as  required  to  fulfill  each  participant's  responsibilities. 

The  primary  responsibilities  were  as  follows: 

1.  Signature  Propagation  -  primarily  NASA  with  some  analyses 
by  ESSA. 

2.  Weather  and  Meteorological  Recording  -  The  Base  Weather 
Squadron  furnished  Rawinsonde  readings  for  use  by  all 
participants  as  required.  These  and  other  weather  data 
are  being  analyzed  by  ESSA. 

3.  Acoustic  and  Vibrational  Response  -  SRI 
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4.  Structural  Response  -  the  primary  responsibility  in  this 
area  was  assigned  to  JABARD.  Analysis  of  structural 
response  data  as  required  to  correlate  with  subjective 
response  was  assigned  to  SRI. 

In  Phase  II,  the  Data  Reduction  and  Disscminat io,.  Group  (DR  and  D) 
performed  preliminary  data  reduction  on  the  low-frequency  accelerometers, 
pressure  microphones,  velocity  and  displacement  meters,  and  strain  gages 
located  in  E-l,  E-2,  and  E-3.  NASA  reduced  the  radar  plots,  cruciform 
data,  and  supplied  DR  and  D  with  copies  of  the  summary  sheets.  NASA 
also  supplied  DR  and  D  with  a  copv  of  the  radar  plots  for  all  missions, 

SRI  was  responsible  for  the  reduction  of  records  from  the  high-frequency 
accelerometers  and  acoustic  microphones.  The  DR  and  D  group  issued  sum¬ 
maries  of  the  above  data  as  specified  to  the  appropriate  participants. 

The  data  furnished  to  DR  and  D  was  logged  daily  and  all  information 
was  punched  on  a  series  of  six  data  cards  sc  that  they  could  be  processed 
by  computer  and  printed  output  furnished  to  participants,  The  information 
contained  on  each  card  and  the  arrangement  of  the  data  arc  as  follows: 

1.  Mission  Log 

a.  Date 

b.  Mission 

c.  Aircraft 

d  Altitude,  1000  ft,  USD* 

e.  Mach  number  (or  speed  kph  for  subsonic  aircraft)* 

f.  EPR  (take-off  or  l»nd*ng)* 

g.  Heading* 

h.  Offset  from  track,  left  or  right* 

i.  Observed  boom  lime,  or  time  overhead  for  subsonic  aircraft,  ZULU* 

j .  Remarks 

k.  Card  typo  identification  no.  (1) 

•Over  test  structure  E-2 

2.  Digitisation  Log  -  Data 

a.  Bale 

b.  Mission 

c.  Aircraft 

d.  Digitizing  start  time 

e.  Digitizing  stop  time 

l.  location  (test  structures  E-l,  E-2  or  E-3) 

g.  Card  typo  identification  no,  (2) 
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3.  Instrument  Location  Log 


a.  Date 

b.  Channel 

c.  House  number  and  instrument  designation 

d.  Instrument  type 

c.  Location 

f.  Location  number  (0  =  inoperative,  1  =  1st  position, 

2  =  2nd  position,  etc. 

g.  Card  type  identification  no.  (3) 

4.  Channel  Calibration  Log 

a.  Mission 

b.  Channel 

c.  House  number  and  instrument  designation 

d.  Pre-caJibrations 

e.  Post -calibrations 

f.  Run  attenuation  and  gain  setting 

g.  Remarks 

h.  Digitization  sample  rate,  sps 

i.  Digitization  filter  cutoff 

j.  Card  type  identification  no.  (4) 

5.  Digitization  Log  -  Calibrations 

a.  Date 

b.  Channel 

c.  House  number  and  instrument  designation 

d.  Calibration  type  (pre  or  post) 

e.  Digitizing  start  and  stop  times 

f.  Digitization  sample  rate,  sps 

g.  Digitization  filter  cutoff,  cps 

h.  Card  type  identification  no.  (5) 

6.  Summary  of  Cruciform  Pata 


a.  Mission 

b.  Channel 

c.  House  number  and  Instrument  designation 

d.  Wave  form  type  code  number  for  pressure  mikes,  See  figure  A-5 

e.  Peak  amplitudes  in  psf 

f.  Rise  time,  seconds 

g.  Period  or  duration  of  N-wave  In  seconds 

h.  Wave  angle,  degrees 

Wave  angle  la  the  angle  between  pressure  wave  front  and 
the  ground  as  determined  from  the  cruciform  array. 

I.  Wave  ground  speed,  ft/aec 

J.  Card  Identification  mmlxr  (6) 
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The  Mission  tog  in  chronological  order  for  Phase  1  is  given  as 
Table  A-8.  Thu  Phase  11  Mission  Log  in  order  of  mission  numbers  is  given 
in  Table  A-9,  omitting  remarks  and  card  type.  The  Instrument  Location  Log 
for  15  November  1966  is  given  in  Table  A-10  as  an  example  of  the  logs  that 
were  compiled.  A  copy  of  the  Summary  of  Cruciform  Dnta  is  presented  in 
Annex  C.  The  data  are  arranged  in  chronological  order  for  Phase  I  and  in 
order  by  mission  number  for  Phase  II  to  facilitate  use  with  the  Mission 
Logs.  A  description  of  the  N-wave  and  its  characteristics  is  given  in 
Fig.  A-S.  Cards  2,  4,  and  5  are  primarily  for  use  during  digitizing  of 
the  analog  data. 

In  addition  to  the  data  punched  on  the  series  of  six  data  cards, 
an  Analog  Tape  Log  and  a  Digital  Tape  Log  were  prepared  containing  the 
following  information: 

1.  Analog  Tape  Log 

The  purpose  of  this  log  is  to  record  the  information  contained 
on  each  analog  tape.  There,  one  master  copy  of  each  log  plus 
one  copy  of  the  appropriate  log  are  filed  with  each  analog  tape. 
The  log  for  each  tape  is  as  follows:  (Numbers  in  parenthesis 
refer  to  data  card  numbers). 

a.  Analog  tape  number,  date,  tape  recorder  number,  and  total 
number  of  missions 

b.  Channel  locations  (Card  3) 

c.  Pre-calibration  digitizctlon  start-stop  times  (Card  5) 

d.  Mission  identification  (Card  1) 

e  Mission  digitization  start-stop  times  (Card  2) 

f.  Channel  calibrations  (Card  4) 

g.  Post-calibration  digitization  start-stop  times  (Card  5) 

2.  Digital  Tape  Log 

The  analog  tape  records  all  channel  data,  whereas  the  digital 
tape  contains  only  selected  channels.  The  digital  tape  log  is 
similar  to  the  analog  tape  Log,  but  contains  the  necessary  iden¬ 
tification  for  only  those  channels  that  have  been  digitized. 

For  example,  the  analog  may  contain  channels  601  through  614, 
but  the  digital  tape  may  contain  only  602,  603,  60S,  and  607. 
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TABLE  A-8 

MISSION  LOG  -  EDWARDS  PHASE  I  (Continued) 


DATE 

DY  MD  YR 

MSN 

A/C 

ALT 

KFT 

MSL 

MACH 

OR 

SPD 

EPR 

K/iS 

US 

8  JUN  66 

1 

IKB9 

31,8 

1.3G 

246 

5.02S 

15  19  00 

8  JUN  66 

43A 

B-58 

42.4 

1.62 

245 

5.24N 

16  00  22 

8  JUN  66 

43B 

KC-135 

14.3 

2,35 

8  JUN  66 

75A 

B-58 

31.2 

1.44 

244 

0.23N 

16  06  45 

8  JUN  66 

75B 

KC-135 

8.3 

2.35 

8  JUN  66 

42A 

B-58 

43,3 

1.67 

247 

4.85N 

16  14  50 

8  JUN  66 

42B 

KC-135 

2.8 

1.5 

73A 

B-58 

31.2 

1.50 

245 

0.10N 

16  24  20 

8  JUN  66 

73B 

KC-135 

2.5 

1.5 

8  JUN  66 

4IA 

B-58 

43.2 

1.60 

246 

5.32N 

16  30  10 

8  JUN  66 

41B 

KC-135 

5.3 

1.5 

8  JUN  66 

72A 

B-58 

31.2 

1.49 

245 

0.16N 

16  38  45 

8  JUN  66 

72B 

KC-135 

2.8 

1.5 

8  JUN  66 

5T 

KC-135 

3.3 

1.5 

8  JUN  66 

57B 

B-58 

37.6 

1.66 

248 

S.90N 

17  05  10 

8  JUN  66 

BORA 

KC-135 

2.8 

1.5 

6  JUN  66 

SORB 

B-58 

31.3 

1.46 

247 

0.14N 

17  12  30 

8  JUN  66 

56  RA 

KC-135 

5.3 

1.5 

8  JUN  66 

56  RB 

B-58 

43.0 

1.64 

244 

5.14N 

17  21  22 

8  JUN  66 

87 

KC-135 

3.3 

1.5 

8  JUN  66 

87 

B-58 

31.4 

1.49 

245 

0.40N 

17  28  30 

8  JUN  66 

55RA 

KC-135 

10.3 

1.5 

8  JUN  66 

55RB 

B-58 

43.2 

1.64 

244 

5.16N 

17  36  10 

8  JUN  66 

86RA 

KC-135 

5.3 

1.5 

8  JUN  66 

86  RB 

B-58 

31.4 

1.49 

229 

17  45  00 

9  JUN  66 

86SA 

KC-135 

5.3 

1.5 

9  JUN  66 

86SRB 

B-58 

31.0 

1.50 

246 

0.25N 

16  08  30 

9  JUN  66 

S5SA 

KC-135 

10.3 

1.5 

9  JUN  66 

S5SRS 

B-58 

35.7 

1.69 

244 

5.17N 

16  19  20 

9  JUN  66 

87  S  A 

KC-135 

3.3 

1.5 

9  JUN  66 

87SRB 

B-58 

31.0 

1.53 

244 

0.08S 

16  25  58 

9  JUN  66 

56SA 

KC-135 

5.3 

1.5 

9  JUN  66 

56SRB 

B-58 

43.3 

1.72 

243 

4.70N 

16  34  SO 

9  JUN  66 

SOSA 

KC-135 

2.8 

1.5 

9  JUN  66 

B-58 

31.0 

1.53 

245 

0.06N 

16  41  40 

9  JUN  66 

S7SA 

KC-135 

3.3 

1.5 

9  JUN  66 

57SRB 

B-58 

43.1 

1.70 

244 

5.23N 

18  49  10 

9  JUN  66 

4ISA 

B-58 

42.9 

1.52 

240 

4.87N 

17  07  54 

9  JUN  66 

4ISB 

KC-135 

5.3 

1.5 

9  JUN  66 

73SA 

B-58 

31.7 

1.50 

243 

0.49S 

17  16  15 

9  JUN  66 

73SB 

KC-135 

2.5 

1.5 

9  JUN  66 

42SA 

B-58 

43.1 

1.52 

241 

4.69N 

17  23  54 

42SB 

KC-135 

2.8 

1.5 

9  JUN  66! 

75SA 

B-50 

31.7 

1.55 

246 

17  31  23 

75SB 

KC-135 

8,3 

a-*f 

I 
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TABLE  A-8 

MISSION  LOG  -  EDWARDS  PHASE  I  (Continued) 


H  ° 

MSN 

A/C 

ALT 

KFT 

MSL 

MACH 

OR 

SPD 

EPR 

HDG 

OFF¬ 

SET 

N/S 

BOOM  TIME 
HR  MN  SC 
ZULU 

B-58 

43.0 

1.68 

243 

4.62N 

17  39  00 

43SI 

KC-135 

14.3 

2.35 

42S; 

B-58 

43.3 

1.70 

244 

4.92N 

17  57  00 

9  JUN  66 

■  I'll. 

KC-135 

2.8 

1.5 

9  JUN  66 

46S^ 

B-58 

42.9 

1.68 

246 

4.74N 

18  11  10 

9  JUN  66 

46  SI 

KC-135 

3.3 

2.35 

9  JUN  66 

72S/ 

B-58 

31.3 

1.53 

248 

0.63N 

18  22  10 

9  JUN  66 

72SB 

KC-135 

2.8 

1.5 

13  JUN  66 

18A 

B-58 

37.7 

1.64 

231 

0.09S 

16  46  43 

13  JUN  66 

18B 

B-58 

49.6 

1.66 

234 

16  49  22 

U  JUN  66 

21A 

B-58 

37  ,8 

1.69 

230 

0.21S 

17  00  16 

13  JUN  66 

21B 

B-58 

49.2 

1.72 

231 

0.35S 

17  02  48 

13  JUN  66 

26A 

F-104 

21.2 

1,40 

231 

0.08N 

17  12  35 

13  JUN  66 

26B 

F-104 

29.7 

i.60 

0.64S 

17  13  45 

13  JUN  66 

29A 

B-58 

49.3 

1.67 

233 

0.03N 

18  06  25 

13  JUN  66 

29B 

B-58 

38.1 

1.67 

232 

0.11S 

18  07  35 

13  JUN  66 

32A 

B-58 

49.8 

1.64 

235 

0.53N 

18  20  25 

13  JUN  66 

32B 

B-58 

38.0 

1.67 

233 

18  21  10 

14  JUN  66 

26A 

F-104 

16  08  00 

14  JUN  66 

26B 

F-104 

29.9 

1.54 

238 

0.10S 

16  10  50 

|l4  JUN  66 

38A 

F-104 

17  45  00 

14  JUN  66 

38B 

F-104 

29.7 

1.52 

233 

17  45  45 

14  JUN  66 

37  A 

F-104 

29.7 

1.49 

231 

17  57  30 

14  JUN  66 

37B 

F-104 

21.1 

1.39 

231 

0.02S 

17  58  40 

15  JUN  66 

1XA 

F-104 

14.1 

1.21 

236 

0.47N 

16  14  50 

15  JUN  66 

1XB 

F-104 

28.1 

1.50 

233 

0.13N 

16  16  40 

15  JUN  66 

2XA 

F-104 

29.7 

1.32 

237 

0.66N 

16  21  40 

15  JUN  66 

2XB 

F-104 

14.1 

1.20 

233 

0.22N 

16  22  10 

15  JUN  66 

3XA 

F-104 

29.1 

1.58 

234 

0.17N 

16  38  25 

15  JUN  66 

3XB 

F-104 

14.2 

1.15 

235 

0.18N 

16  39  55 

15  JUN  66 

4XA 

F-104 

14.1 

1.28 

235 

0.18N 

16  47  15 

15  JUN  66 

4XB 

F-104 

29.9 

1.62 

233 

0.44S 

16  48  20 

16  JUN  66 

27A 

F-104 

29.3 

1.65 

230 

0.10S 

15  56  25 

16  JUN  66 

27B 

F-104 

20.5 

1.40 

228 

0.26S 

15  57  50 

16  JVN  66 

5X 

F-104 

29,7 

1.65 

344 

0.25E 

16  04  25 

20  JUN  66 

48A 

B-58 

41.3 

1.55 

232 

2.20N 

15  54  SO 

j20  JUN  66 

4  SB 

KC-135 

5.3 

1.5 

•20  JUN  66 

79A 

B-58 

32.1 

1.45 

232 

1.90S 

16  08  00 

‘20  JUN  66 

79B 

KC-135 

3.3 

1.5 

20  JUN  66 

53A 

B-58 

42.7 

1.59 

232 

5.00N 

16  18  54 

20  JUN  66 

S3B 

KC-135 

4.3 

2.35 

20  JUN  66 

S4A 

B-58 

31.2 

1.43 

236 

16  27  10 

120  JUN  66 

84B 

KC-135 

3.0 

2.30 

20  JUN  66 

54A 

B-58 

43. C 

MEM 

230 

4.87N 

16  35  40 

20  JUN  66 

S4B 

KC-135 

3.0 

1 

2.30 

20  JUN  66 

59A 

KC-135 

12.0- 

■■i 

2.35 
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TABLE  A-8 


MISSION  LOG  -  EDWARDS  PHASE  I  (Continued) 


DATE 

DY  MO  YR 

MSN 

A/C 

ALT 

KFT 

MSL 

MACH 

EPR 

HDG 

OFF¬ 

SET 

N/S 

BOOM  TIME 
HR  MN  SC 
ZULU 

20  JUN  66 

59B 

B-58 

43.4 

1.41 

233 

5.00N 

17  10  00 

20  JUN  66 

98A 

KC-135 

6.0 

2.35 

20  JUN  66 

98  B 

B-58 

31.3 

1.50 

233 

17  15  45 

20  JUN  66 

GOA 

KC-135 

6.0 

2.35 

20  JUN  66 

90A 

KC-135 

6.0 

2.35 

20  JUN  66 

9  OB 

B-58 

31.8 

1.55 

230 

0.17S 

17  32  00 

20  JUN  66 

85A 

B-58 

32.3 

1.45 

231 

4.35N 

17  40  00 

20  JUN  66 

85B 

KC-135 

2.6 

2.30 

20  JUN  66 

93A 

KC-135 

2.6 

2.30 

20  JUN  66 

93B 

B-58 

32,1 

1.55 

231 

0.17S 

17  47  50 

21  JUN  66 

89  A 

KC-135 

2.5 

1.5 

21  JUN  66 

89  B 

B-58 

31.8 

1.46 

232 

0.12N 

16  01  55 

21  JUN  66 

58A 

KC-135 

2.8 

1.5 

21  JUN  66 

58B 

B-58 

43.6 

1.67 

233 

5.12N 

16  11  02 

21  JUN  66 

99A 

KC-135 

4.3 

2.35 

21  JUN  66 

99B 

B-58 

31.7 

1.47 

233 

0.17N 

16  17  05 

21  JUN  66 

66A 

KC-135 

2.8 

1.5 

21  JUN  66 

66B 

B-58 

39.9 

1.59 

233 

5.00N 

16  25  17 

21  JUN  66 

100A 

KC-135 

3.0 

2.35 

21  JUN  66 

100B 

B-58 

31.8 

1.46 

232 

J.14S 

16  30  23 

21  JUN  66 

68A 

KC-135 

8.3 

2.35 

21  JUN  66 

68B 

B-58 

44.1 

1.62 

232 

4.83N 

16  39  19 

21  JUN  66 

69  A 

B-58 

39.4 

1.39 

233 

5.00N 

17  29  35 

21  JUN  66 

69B 

KC-135 

4.3 

2.35 

21  JUN  66 

48A 

B-58 

43.1 

1.60 

232 

5.00N 

17  44  12 

21  JUN  66 

48B 

KC-135 

5.3 

1.5 

21  JUN  66 

40A 

B-58 

43.8 

1.65 

235 

5.40N 

17  56  55 

21  JUN  66 

40B 

KC-135 

5.3 

1.5 

21  JUN  66 

60A 

KC-135 

8.3 

2.35 

21  JUN  66 

60B 

B-58 

43.9 

1.64 

233 

5.16N 

18  08  59 

21  JUN  66 

61A 

KC-135 

4.3 

2.35 

21  JUN  66 

61B 

B-58 

43.3 

1.62 

232 

4.76N 

19  37  19 

21  JUN  66 

101A 

KC-135 

2.6 

2.35 

21  JUN  66 

101B 

B-58 

31.7 

1.50 

233 

19  31  IS 

21  JUN  66 

85A 

B-58 

31.7 

1.50 

234 

0.22N 

20  03  50 

21  JUN  66 

85B 

KC-135 

2.6 

2.35 

22  JUN  66 

28A 

B-58 

37,0 

1.63 

234 

0.18N 

16  13  27 

22  JUN  66 

28B 

F-104 

20.8 

1.35 

233 

0.  IQS 

16  13  43 

22  JUN  66 

19A 

B-58 

37.2 

1.64 

233 

0.24N 

16  28  15 

22  JUN  66 

19B 

F-104 

29.5 

1.42 

233 

0.20S 

16  30  05 

22  JUN  66 

6X 

B-58 

43.6 

1.60 

259 

1.34S 

16  48  24 

22  JUN  66 

30A 

B-58 

37.4 

1.65 

230 

0.20S 

17  43  34 

22  JUN  66 

SOB 

F-l.4 

29.7 

1.37 

232 

0.16S 

17  44  38 

22  JUN  66 

34A 

F-104 

29.6 

1.39 

233 

17  56  06 

22  JUN  66 

34B 

B-58 

43.4 

1.61 

230 

4.00N 

17  57  06 

22  JUN  66 

24A 

B-58 

43.3 

1.60 

233 

5.06N 

18  10  37 

mrrjiini 

24B 

F-104 

20.9 

1.36 

231 

18  11  26 

A-  14 


TABLE  A-8 

MISSION  LOG  -  EDWARDS  PHASE  I  (Continued) 


DATE 

DY  MO  YR 

MSN 

A/C 

ALT 

KFT 

MSL 

MACH 

j  EPR 

i- 

HDG 

OFF¬ 

SET 

VS 

BOOM  TIME 
HR  MN  SC 
ZULU 

22  JUN  66 

35A 

B-58 

43.4 

1.60 

t 

225 

0.92S 

18  21  21 

22  JUN  66 

35B 

F-104 

21.  1 

1.28 

235 

0.25N 

18  22  47 

22  JUN  66 

2SA 

1-104 

21.9 

1.39 

233 

0.21N 

18  36  39 

22  JUN  66 

2SB 

B-58 

43.2 

1.59 

233 

4.89N 

18  37  59 

22  JUN  66 

23A 

F-104 

29.7 

1.51 

237 

0.34N 

18  50  21 

22  JUN  66 

23B 

B-58 

37.4 

1.63 

232 

0.50N 

18  52  05 

23  JUN  66 

17A 

B-58 

37.6 

1.64 

231 

0.39N 

15  4b  08 

23  JUN  66 

17  B 

F-104 

21.6 

1.40 

227 

0.46S 

15  48  00 

23  JUN  66 

22A 

F-104 

29.3 

1.40 

232 

15  59  59 

23  JUN  66 

22B 

B-58 

43.4 

1.67 

229 

4.25N 

16  00  40 

23  JUN  66 

31A 

B-58 

37.5 

1.64 

231 

0.12N 

16  12  14 

23  JUN  66 

31B 

F-104 

21.3 

1.39  j 

232 

16  12  21 

23  JUN  66 

33A 

B-58 

43.2 

1.64  ! 

232 

5.02N 

16  21  38 

23  JUN  66 

33B 

F-104 

29.8 

1.49  j 

230 

0.10S 

16  22  04 

23  JUN  66 

20A 

F-104 

21.5 

1.37 

233 

0.19N 

19  51  20 

23  JUN  66 

20B 

B-58 

37.4 

1.65  < 

233 

0.1ON 

19  54  17 

23  JUN  66 

36A 

F-104 

20.9 

1.39 

230 

0.37S 

20  05  15 

23  JUN  66 

36B 

B-58 

37.4 

1.66 

231 

0.25S 

20  06  26 

23  JUN  66 

7X 

F-104 

29.6 

1.55 

258 

0.29S 

20  18  18 

23  JUN  66 

6X2 

B-58 

43,5 

1.67 

258 

9.86N 

20  21  21 

A-45 


TABLE  A-9 


MISSION  LOG  -  EDWARDS  PHASE  II 


1  DATr 

1 

A/C 

P5E» 

WDG 

SB 

sga 

DY 

VC 

Y°. 

H3 

■pff 

m 

mm 

1331 

Wm 1 

fusSI 

IkKA 

■ 

m 

23 

NOV 

66 

i-i 

x^-?o 

37.? 

1.46 

?4'5 

— 

L10.3 

— 

-^7 

I p 

’  1 

4  8 

23 

NOv 

66 

1-2 

F-  104 

2  3 

NOV 

66 

i-3 

9-58 

32.4 

1,4 

740 

L  7.? 

777 

18 

3"? 

23 

NOV 

66 

1-4 

F-104 

18.6 

1.7 

241 

P  2.7 

887 

1 0 

83 

1* 

10 

NOV 

66 

2-1 

XP-70 

37,8 

1.48 

736 

L  7  7  ,  R 

814 

lc 

1c 

IE 

NOV 

66 

2-2 

F-104 

10 

NOV 

66 

2-3 

B-58 

33.0 

1.50 

257 

L  7.4 

314 

11 

t  7 

10 

NOV 

66 

2-4 

F-104 

514 

19 

14 

30 

12 

DEC 

66 

3-1 

B-58 

32.4 

1.5 

247 

R  7.8 

346 

18 

2  7 

31 

12 

DEC 

66 

3-2 

XB-70 

37.6 

1.5 

746 

L  0.° 

346 

1? 

71 

82 

12 

DEC 

66 

3-4 

F-104 

17.8 

1.3 

745 

L  2.7 

844 

18 

8o 

51 

16 

DEC 

66 

4-1 

B-58 

32.0 

1.5 

247 

D  i.o 

*5Co 

16 

t,  ? 

4'- 

16 

DEC 

66 

4-2 

XB-70 

38.6 

1.5 

246 

350 

lc 

e  -t 

4 '7 

12 

DEC 

66 

4-1 

P-58 

36.3 

1.65 

246 

P  4  3  •  3 

17 

<;.*■> 

1  7 

12 

DEC 

66 

5-2 

X9-70 

59.1 

2.49 

246 

R68  J. 

345 

1° 

06 

31 

12 

DEC 

66 

5-3 

WC135R 

1.8 

1  .76 

068 

L  0.8 

846 

16 

0  7 

*5-5 

m 

DEC 

66 

6-1 

B-58 

35.5 

1.65 

244 

940,4 

8  =  4 

19 

56 

20 

DFC 

66 

6-2 

XB-70 

60.0 

2.5 

?4S 

067,  e 

8  =  4 

/  ^ 

rr 

-  T 

20 

DEC 

66 

6-3 

WC185B 

3.7 

1.76 

76 

884 

2* 

'  i 

4  r 

13 

JAN 

67 

7-1 

B-58 

35.8 

1.67 

241 

P8P.7 

'13 

I? 

*•4 

c;  c 

13 

JAN 

67 

7-2 

DC-8 

3.7 

1.76 

568 

Cl? 

13 

ic 

ov 

13 

JAN 

67 

7-3 

XB-70 

60.5 

2.5 

349 

971,8 

17 

13 

17 

2 

17 

JAN 

67 

8-1 

B-58 

35.6 

1.65 

?6  6 

L  7,8 

717 

17 

47 

C.'» 

17 

JAN 

67 

8-2 

DC-8 

3.6 

1.67 

o?4 

L  7.7 

17 

1  7 

C  1 

*;  c 

17 

JAN 

67 

8-3 

XB-70 

60.0 

?.e 

?46 

P4  =  ,7 

17 

17 

C.  -J 

**.c. 

10 

NOV 

66 

9-1 

X«-7o 

59,4 

2.51 

746 

97  1,8 

'•14 

16 

?  r 

11 

fTtl 

NOV 

66 

9-2 

B-58 

40.4 

1.65 

747 

P  1.8 

314 

I® 

O'! 

10 

NOV 

66 

0-1 

E-104 

21.1 

1.14 

849 

R  2»0j  714 

1  6 

44 

7= 

23 

NOV 

66 

10-1 

XB-70 

59.7 

2.46 

746 

117,8 

327 

18 

00 

01 

23 

NOV 

66 

10-2 

P-55 

72.4 

1.37 

74  8 

L  6.0 

*  *? 

lc 

f  * 

r 

16 

DEC 

66 

1 1-1 

P-104 

20,8 

1.4 

?44 

l.  l.C 

8=  1 

lc 

1 » 

18 

16 

DeC 

64 

1 1-3 

P-5P 

40.3 

1.6' 

•*64 

o  o, a 

8=  ' 

14 

84 

A  ** 

16 

DEC 

66 

11-’ 

Xr-7q 

69,4 

7.6 

?  A 

ICO 

ic 

?o 

>  c 

4 

JAN 

67 

12-1 

R-Rfi 

80,8 

1.46 

84  4 

L  ’.1 

•104 

?n 

8  B 

*■*  c 

4 

JAN 

67 

12-3 

X*-7?} 

40.7 

844 

L  .7 

r«04 

pn 

An 

e. 

4 

JAN 

67 

l?-7 

P-104 

22. C 

1.42 

746 

9  4,7*  •'0.4 

?n 

44 

22 

2 

MOV 

66 

I’-l 

P.Pfi 

8R,0 

!  .66 

■•44 

1.  7.0. 

80  7 

18 

Ki 

-  -a 

3 

NOV 

64 

l7-7 

v»-?n 

4n,o 

1.87 

•>41 

0  t  .4 

**  *  *7 

fr.4 

-s 

NOV 

A4 

l7-7 

r-ic* 

2^  ,ol 

l,4n 

0  8,4 

8  -7 

1  6 

6? 

l7 

70 

DeC 

66 

14-1 

XP-70 

49.  i 

1.8 

74  7 

P  %7 

84/, 

’0 

Pr -r 

fr  A 

1 

u.eip 

I.*’ 

"*Af 

7  '*,7 

8=4 

’0 

o  fo 

46 

14-’ 

F-104 

21  .a) 

1.’ 

7  4  3] 

C  1.4!  844 

mm 

7a 

JU 

A-  Iti 


TABLE  A-9 


MISSION  LOG  -  EDWARDS  PHASE  II  (Continued) 


A/C 

BO 

Big 

EBB 

IBHB 

I 

Q31 

ERH|| 

§3§§g 

Haiti 

HDO 

r,F^_ 

^T 

./°,x 

r 

OY 

-ip 

7 1 1 1_ 1 

-A, 

— 

13 

JAN 

67 

16-! 

X'5-7© 

60.6 

1.8 

74R 

0 

— 

9. a 

,  1  ,1 

1  3 

l  :  “> 

•a  9 

13 

JAN 

67 

16-2 

R-58 

3-5.6 

1  •6<: 

257 

1  ’ 

1  1 

4./. 

a*’ 

13 

JAN 

67 

15-3 

F-104 

20.7 

1.4 

’A’ 

p 

•  1  1 

13 

?  ^ 

AO 

17 

JAN 

67 

16-1 

R-6P 

39.7 

1.65 

747 

0 

3.0 

’17 

1  0. 

r  o 

17 

JAN 

67 

16-7 

xQ-7n 

6R.7 

1.8 

246 

o 

"I.7 

71  7 

15 

1  s 

c  9 

17 

JAN 

67 

16-3 

C-10A 

70.6 

1.4 

250 

p 

5.0 

AIT 

i  o 

A  1 

9  9 

31 

OCT 

66 

17-1 

F-104 

31.7 

;  1.61 

752 

p 

7.p 

3' 4 

16 

*3  - 

1  A 

31 

OCT 

66 

17-2 

R-58 

49.6 

1.611 

?A  0 

p 

4.0 

3<"  4 

16 

f. 

•*  r 

31 

OCT 

66 

18-1 

n-5  c, 

A7.3 

1.61 

250 

L 

1.4 

’  '  i. 

1  r 

r.  *7 

-*  1 

31 

OCT 

66 

18-2 

|  F-104 

31.0 

1  •  56 

247 

p 

1.7 

’04 

16 

*  c 

31 

OCT 

66 

19-1 

F-104 

30.5 

1.61, 

250 

R 

f.o 

?  04 

17 

s  r 

9  a 

31 

OCT 

66 

19-2  9-58 

33.9 

1.43 

244 

L 

1.2 

’  "i  .4 

IP 

r-  7 

6  A 

31 

OCT 

66 

20-1 

R  —  A  P 

43. Q 

1.52, 

751 

p 

7.4 

’’4 

9  9 

/-■  ** 

31 

OCT 

66 

20-2 

F-10A 

31.0 

1.65 

249 

’74 

1  = 

90 

n 

8 

NOV 

66 

21-1 

8-58 

A7.6 

1.60 

24  A 

L 

1.3 

16 

9~ 

0  r 

8 

NOV 

66 

21-2 

WC135B 

1.76 

8 

NOV 

66 

22-1 

R-58 

AT. 5 

1.65 

74’ 

L 

2. a 

312 

16 

1’ 

8 

NOV 

66 

22-2 

WC135B 

3.9 

250 

1.76 

68 

8 

NOV 

66 

23-1 

R-58 

47,8 

1.65 

246 

o 

1.4 

3]’ 

17 

u 

61 

0 

NOV 

66 

28-2 

MC 1358 

3.3 

236 

1.76 

67 

8 

NOV 

66 

26-1 

R-58 

47.7 

1.65 

’50 

R 

3.0 

?l’i  17 

1  E 

3 

NOV 

66 

2A-2 

WC135R 

5.4 

230 

1.76 

7? 

n 

.1 

8 

NOV 

66 

25-1 

P-58 

46.5 

1.66 

747 

P 

1.0 

31  ’ 

18 

?? 

to 

8 

NOV 

66 

25-2 

WC135B 

3.° 

216 

1.76 

79 

R 

.1 

8 

NOV 

66 

26-1 

B-58 

47.9 

1.60 

244 

’12 

IP 

1! 

41 

8 

MOV 

66 

26-2 

WC135B 

3.7 

222 

1.76 

77 

8 

NOV 

66 

27-1 

VC135B 

3.1!  ’45 

1.76 

7’ 

8 

NOV 

66 

27-2 

8-5? 

47.4 

1.66 

247 

P 

31  7 

18 

R7 

8 

NOV 

66 

2«-l 

S’C  1  ’  5  P 

3.9 

’34 

1.76 

59 

R 

.1 

8 

NOV 

66 

28-2 

A-5B 

4°  «0 

1.6 

748 

0 

4.1 

’1? 

19 

55 

8 

NOV 

66 

29-1 

WC135? 

5.3 

230 

1.76 

65 

R 

.1 

8 

NOV 

66 

29-2 

9-58 

47.4 

1.65 

74  0 

P 

3. A 

31’ 

19 

*6 

?  6 

8 

NCV 

*6 

’0-1 

>.'0 1 2  e  o 

3.1 

74e 

1.76 

6  A 

8 

NOV 

66 

’0-3 

o_n  e 

47. e 

1.66 

?54 

p 

6.r 

’17 

19 

17 

41 

8 

NOV 

6  6 

’1-1 

V.'C  1358 

’.9 

?24 

1.76 

6r 

P 

NCV 

66 

81-2 

3-68 

47,0 

1.60 

744 

l 

1.3 

312 

19 

5? 

41 

8 

MOV 

66 

’7-1 

VC  13 *6 

6.’ 

23e 

1.76 

77 

l 

.1 

8 

NOV 

66 

32-2 

c.cp 

48.0!  1.65 

747 

L 

2.3 

312 

?A 

44 

A--J7 


TABLE  A-9 


MISSION  LOG  -  EDWARDS  PHASE  II  (Continued) 


MSN 

j  A/C 

alt 

kpt 

MSL 

VAT 

00 

SPp 

■\  FPP 
TKPF 
(LOG) 

j  HOC 

OFF¬ 

SET 

L/R.K 

OP; 

DY 

BOOM  TMF 
HR  NN  SC 
ZULU 

16 

Mnv 

66 

70-1 

‘  D-EiO 

’6.2 

1.6s 

f 

i 

I  741 

L 

5.8 

320 

16 

30 

18 

16 

MOV 

66 

“2  'J  — 2 

WO 1760 

’.2 

240 

1.36 

1  060 

L 

0.4 

320 

16 

31 

42 

16 

MOV 

66 

’4-1 

B-5P 

36.0 

1.65 

24Q 

L 

4  ;  2 

*3?T. 

16 

£ft 

12 

16 

MOV 

66 

34-2 

WC135S 

4.4 

236 

1.76 

67 

L 

0.8 

320 

16 

59 

33 

16 

MOV 

66 

36-1 

B-52 

36.4 

1.63 

247 

R 

1.5 

320 

17 

18 

37 

16 

MOV 

66 

35-2 

WC135B 

4.4 

238 

1.76 

066 

L 

0.2 

320 

17 

19 

59 

16 

MOV 

66 

3.6-1 

8-68 

36.2 

1.64 

245 

320 

17 

45 

38 

16 

MOV 

66 

36-2 

1  WC 1353 

3.2 

230 

1.76 

066 

3.20 

17 

47 

10 

16 

MOV 

66 

37-1 

j  P-6R 

36.0 

1.65 

248 

f? 

2.1 

320 

18 

09 

56 

16 

MOV 

66 

37-2 

WC1 369 

3.1 

260 

1.76 

062 

320 

18 

08 

15 

16 

MOV 

66 

38-1 

B-58 

35.9 

1.64 

239 

L 

8.9 

320 

18 

31 

39 

16 

MOV 

66 

38-2 

WC135B 

4.4 

244 

1.76 

072 

L 

0.2 

320 

18 

30 

54 

16 

MOV 

66 

30-1 

P-68 

35.7 

1.65 

244 

R 

0.7 

'320 

18 

51 

56 

16 

NOV 

66 

39-2 

WC136B 

4.3 

256 

1.76 

083 

L 

0.7 

320 

18 

49 

30 

16 

MOV 

66 

40-1 

B-58 

36.2 

1.64 

248 

R 

2.2 

320 

19 

01 

57 

16 

MOV 

66 

40-2 

WC135B 

3.1 

240 

1.76 

072 

L 

0.3 

320 

18 

59 

22 

S 

NOV 

66 

41-1 

B-58 

36.3 

1.65 

247 

R 

3.5 

321 

18 

16 

40 

m 

NOV 

66 

141-2 

WC135B 

4.3 

257 

1.76 

077 

321 

18 

17 

37 

21 

NOV 

66 

42-1 

B-58 

282 

JL25 

TTBffpMBi 

?1 

NOV 

66 

4  2-2 

VC  1359 

3.0 

262 

1.36 

063 

L 

1.2 

325 

19 

01 

13 

21 

NOV 

66 

43-1 

WC135B 

3.1 

1 .76 

L 

0.6 

325 

1° 

IP 

48 

MOV 

66 

43-2 

B-58 

36.9 

1.65 

244 

L 

2.9 

325 

19 

23 

53 

?i 

MOV 

66 

44-1 

WC135B 

4.3 

1.76 

062 

L 

0.7 

325 

19 

30 

47 

21 

MOV 

66 

44-2 

B-58 

36.4 

1.65 

250 

L 

3.5 

325 

19 

31 

58 

21 

NOV 

66 

45-1 

B-58 

36,0 

1.63 

246 

.321. 

1.9 

5.4 

.19..  _ 

21 

NOV 

44 

46-2 

WC135B 

4.7 

280 

1.76 

077 

L 

1.3 

325 

19 

55 

12 

21 

NOV 

66 

46-1 

9-68 

35.o 

1.55 

246 

L 

1.6 

325 

m 

37 

14 

21 

MOV 

66 

A*-’ 

VC  13 6? 

3.0 

1.76 

065 

L 

0.3 

325 

20 

37 

55 

21 

NOV 

66 

47-] 

WC136B 

3.1 

1.76 

074 

L 

0.6 

325 

31 

op 

26 

21 

NOV 

66 

47-2 

P-68 

BZu 

j 

244 

L 

2.5 

325 

21 

02 

53 

21 

NOV 

66 

48-1 

WC 1 3*  B 

IfJ 11 

1.76 

083 

L 

0.8 

325 

39 

13 

02 

21 

MOV 

=  6 

40_-5 

o-6P 

36,0 

KB  1 

247 

L 

n,4 

’i 

18 

01 

| 

NOV 

66 

4*5-1 

VC  13  6  8 

2.8 

24  f) 

1.76 

63 

L 

0.2 

319 

18 

13 

28 

|  1 

MOV 

66 

40-2 

8-104 

36.6 

1.1s' 

?4* 

R 

0.3 

11*5 

19 

21 

1’ 

•  1 

MOV 

66 

60-1 

VC136P 

3.3 

23? 

1  •  3  6 

68 

L 

0.1 

319 

18 

31 

46 

i  1 

NOV 

66 

50-2 

F-104 

16.4 

1.22 

245 

L 

0,6 

319 

18 

34 

46 

29 

MOV 

66 

51-1 

WC 1 3  6  B 

2.7 

255 

1.3ft 

72 

303 

16 

32 

15 

MOV 

66 

M-2 

P-104 

16.6 

1.30 

246  | 

o 

4,0 

333 

16 

34 

06 

4 

oer 

6* 

*  7-1 

8-104 

H.o 

l.’O 

?48  ■ 

P 

6.2 

340 

17 

34 

17 

6 

nEC 

66 

WC  1  ** r  ° 

2.3 

270 

1.3  = 

7  A  ! 

L 

1.7 

340 

17 

34 

£  £ 

6 

nc  r 

(■  6 

=  7-1 

P-104  1 

17.1 

l.’o 

246  R 

3.1' 

1  7 

44 

2’ 

6 

<>6 

U***  1^40* 

3.4 

255 

1  ,7  = 

74 

L 

l.r 

*5  4  A 

17 

4  = 

’1 

7 

ooc 

66 

^4-1  j 

8- jn/,  j 

16.  r 

i  i 

4  *  1 

24  4 

O.P 

341 

17 

10 

IP 

7 

DFC 

66 

"zU 

1 1 4  d  ( 

2.JV 

25511.7=  j 

63  j 

L_ 

3.2 

341 

17 

1? 

01 

A-1K 


TABLE  A-9 


MISSION  LOG  -  EDWARDS  PHASE  II  (Continued) 


DY 

DATE 

MO 

YR 

MSN 

A/C 

EH 

HJ|g 

Ha 

FPP 

TYRE 
LOG ) 

HOC 

OFF¬ 

SET 

L/R»Y 

0=8 

nv 

BOOM  tmcI 
HP  Mm  SO 

ZULU 

21 

DEC 

66 

55-1 

F- 106 

16.° 

1.3 

26* 

L 

1.3 

nn 

16 

^  0 

30 

21 

DEC 

66 

55-2 

WC  135(3 

2.7 

290 

1.76 

68 

BU 

16 

?  K 

38 

9 

DEC 

66 

56-1 

F-10A 

16.5 

1.28 

266 

R 

2.2 

363 

18 

29 

4? 

9 

DEC 

66 

56-2 

WC1358 

363 

18 

30 

31 

9 

DEC 

66 

57-1 

F-106 

16.0 

1.29 

260 

P 

0.8 

343 

18 

37 

54 

9 

DEC 

66 

57-2 

WC135B 

2.5 

265 

1.76 

71 

L 

Q.  21 

18 

39 

48 

20 

DEC 

66 

58-1 

WC135B 

2.5 

315 

1.76 

73 

R 

0.2 

EES 

17 

40 

24 

20 

DEC 

66 

58-2 

F-106 

16.8 

1.3 

266 

PlO.8 

354 

17 

41 

58 

20 

DEC 

66 

59-1 

WC135B 

3.6 

1.76 

76 

354 

17 

50 

26 

20 

DEC 

66 

59-2 

F-106 

16.6 

1.36 

267 

R 

8.0 

354 

17 

50 

17 

21 

DEC 

66 

60-1 

WC135B 

2.8 

260 

1.78 

68 

L 

.1 

355 

16 

20 

49 

21 

DEC 

66 

60-2 

F-106 

17.1 

1.28 

265 

L 

.8 

355 

.  16-  22 

3  LI 

ju 

NOV 

66 

61-1 

F-106 

29.6 

1.65 

267 

R 

3.1 

319 

16 

55 

19 

15 

NOV 

66 

61-2 

WC135B 

3.6 

262 

1.76 

61 

L 

0.3 

319 

16 

56 

14 

30 

NOV 

66 

62-1 

F-106 

30.3 

1.66 

266 

R 

1.3 

334 

16 

27 

50 

30 

NOV 

66 

62-2 

WC135B 

6,2 

1.76 

72 

L 

.2 

334 

16 

29 

22 

30 

NOV 

66 

63-1 

F-106 

29.6 

1.62 

L 

.9 

334 

18 

32 

57 

30 

NOV 

66 

63-2 

WC1358 

6.6 

1.76 

64 

L 

.6 

334 

18 

34 

22 

29 

NOV 

66 

66-1 

WC135B 

6.5 

280 

1.76 

69 

L 

0.5 

333 

16 

58 

31 

29 

NOV 

66 

66-2 

F-106 

29.6 

1.65 

268 

R 

3.0 

333 

16 

59 

48 

6 

DEC 

66 

65-1 

WC135B 

6.6 

260 

1.75 

68 

L 

1.2 

340 

17 

27 

17 

6 

DEC 

66 

65-2 

F-106 

29.7 

1  •  60 

266 

L 

0.1 

340 

17 

30 

17 

6 

DEC 

66 

66-1 

WC135B 

3.6 

245 

1.76 

9 

L 

1*0 

EH»J 

17 

54 

54 

6 

DEC 

66 

66-2 

F-106 

30.1 

1.66 

245 

R 

2.2 

340 

17 

57 

09 

7 

DEC 

66 

67-1 

F-106 

29.6 

1.65 

265 

L 

2.9 

341 

17 

00 

26 

7 

DEC 

66 

67-2 

WC135B 

3.3 

1.76 

70 

L 

1.8 

341 

17 

02 

52 

21 

DEC 

66 

68-1 

F-106 

29.7 

1.66 

269 

R 

5.1 

355 

16 

44 

18 

21 

DEC 

66 

68-2 

WC135B 

6.0 

275 

1.76 

72 

R 

.2 

355 

16 

46 

12 

9 

DEC 

66 

69-1 

F-106 

29.6 

1.67 

266 

R 

1.2 

343 

16 

58 

08 

9 

DEC 

66 

69-2 

WC135B 

6.2 

1.76 

70 

L 

0.9 

343 

17 

00 

05 

20 

DEC 

66 

70-1 

WC135B 

6.6 

310 

1.76 

77 

R 

0.6 

354 

16 

40 

56 

20 

DEC 

66 

70-2 

F-106 

29.8 

1.65 

266 

354 

16 

40 

13 

20 

DEC 

66 

71-1 

WC135B 

6.6 

285 

1.76 

76 

R 

0.2 

354 

17 

02 

08 

20 

DEC 

66 

71-2 

F-106 

30.6 

1,® 

264 

L 

0.1 

354 

17 

03 

53 

20 

DEC 

66 

72-1 

WC135B 

6.5 

270 

1.76 

75 

354 

17 

11 

36 

(20 

DEC 

66 

72-2 

F-106 

36.3 

1.62 

265 

R 

5.1 

354 

17 

15 

45 

30 

NOV 

66 

73-1 

F-106 

50.1 

1.51 

248 

Mk] 

334 

17 

16 

24 

30 

NOV 

66 

73-2 

WC135B 

6.2 

265 

1.76 

68 

■ 

334 

17 

17 

36 

il5 

NOV 

66 

76-1 

F-106 

50.5 

1.5 

247 

tSw 

319 

16 

27 

48 

!l5 

NOV 

66 

76-2 

WC135B 

6.6 

226 

1.66 

70 

feftj 

319 

16 

20 

49 

30 

NOV 

66 

75-1 

F-106 

69.6 

1.5 

246 

jillj 

334 

18 

41 

52 

30 

NOV 

66 

75-2 

WC135B 

11.2 

1.76 

66 

!f0 

3  34 

18 

42 

37 
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MISSION  LOG  -  EDWARDS  PHASE  II  (Continued) 
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TABLE  A-10 

INSTRUMENT  LOCATION  LOG 


mmsmmm 

E 

INST  TYPE 

LOCATION 

15  NOV  66 

101 

1  MAI 

ACOUSTIC 

CNTR  LR  SUSP  6  FT  ABV  FLU 

15  NOV  66 

102 

1  MA2 

ACOUSTIC 

CNTR  FR-KIT  SUSP  6  FT  ABV  FLR 

15  NOV  66 

103 

1  MA3 

ACOUSTIC 

CNTR  BR1  SUSP  6  FT  ABV  FLR 

104 

1  MA4 

ACOUSTIC 

BR1  FRONT  OF  CLOSET  MOVABLE 

15  NOV  66 

105 

1  MAS 

ACOUSTIC 

FR-KIT  FRONT  OF  RANGE  MOVABLE 

15  NOV  66 

106 

1  A3 

LF  ACCEL 

CONC  BLK  FLR  BR1  AXIS  VERT 

15  NOV  66 

2  MAI 

ACOUSTIC 

BTWN  LR  AND  DR  SUSP  6  FT  ABV  FLR 

Hag 

2  MA2 

ACOUSTIC 

CNTR  KIT  SUSP  6  FT  ABV  FLR 

in 

2  MA3 

ACOUSTIC 

CNTR  BR1  SUSP  6  FT  ABV  FLR 

15  NOV  66 

110 

2  MA4 

ACOUSTIC 

CNTR  FR 

15  NOV  66 

111 

2  MA5 

ACOUSTIC 

FR-KIT-DR  KIT  STOVE 

im 

2  MA6 

ACOUSTIC 

FR-KIT-DR, DR  SUSP  6  FT  ABV  FLR  NR  CHINA  CLOS 

1  MA7 

ACOUSTIC 

OUTSIDE  SUBJECT  GROUP 

fHcRiWrfl 

Ktl 

IRIG  B  TIME  CODE  AND  VOICE 

j  DATE 

INST  TYPE 

LOCATION 

1 1  (VS 

VTk?79 

15  NOV  66 

201 

1  A5 

LF  ACCEL 

ROOF  PLATE  LINE  E  WALL  NE  CRNR  (E-W  ACCEL) 

15  NOV  66 

202 

1  All 

LF  ACCEL 

BR1  E  WALL  (N-S  ACCEL) 

15  NOV  66 

203 

1  A6 

LF  ACCEL 

ROOF  PLATE  LINE  N  WAUL  NE  CRNR  (N-S  ACCEL) 

15  NOV  66 

204 

PRESSURE 

BR1  E  WALL  NEXT  TO  All 

15  NOV  66 

205 

PRESSURE 

FR-KIT  CNTR  CLG  ATTIC  SIDE 

15  NOV  66 

206 

2  SC41 

STRAIN 

GARAGE  WNDW  3RD  FROM  CNTR 

207 

1  SG3 

STRAIN 

GARAGE  CNTR  URGE  WINDOW 

15  NOV  66 

206 

2  SG42 

STRAIN 

GARAGE  WNDW  2ND  FROM  CNTR 

15  NOV  66 

209 

2  MAS 

ACOUSTIC 

TRIGGER  MIKE 

15  NOV  66 

2  SG43 

STRAIN 

GARAGE  WNDW  1ST  FROM  CNTR 

15  NOV  66 

211 

SPARE 

212 

2  SG44 

STRAIN 

GARAGE  WNDW  CENTER 

15  NOV  66 

213 

SPARE 

21-1  J 

_ 

IRIG  B  TIME  CODE  AND  VOICE 

I  DATE 

INST  TYPE 

LOCATION 

_ L  .  _  . 

15  NOV  66 

301 

2  A1 

LF  ACCEL 

DR  FLR  CONC  BLK  AXIS  VERT 

15  NOV  66 

303 

2  A3 

LF  ACCEL 

BR1  BED  CONC  BLK  AXIS  EAST-WEST 

IS  NOV  66 

302 

2  A2 

LF  ACCEL 

FR  FLR  CONC  BLK  AXIS  VERT  BETW  KIT  AND  FR 

15  NOV  66 

304 

1  A1 

LF  ACCEL 

LR  FLR  CONC  BLK  AXIS  VERT 

15  NOV  66 

305 

1  A2 

LF  ACCEL 

FR-KIT  FLR  CONC  BLK  AXIS  VERT 

15  NOV  06 

306 

2  A1P 

HF  ACCEL 

FR  FLR  CONC  BLX  AXIS  VERT 

15  NOV  66 

307 

2  A2P 

HF  ACCEL 

FR-KIT-DR  MOVABLE  KIT  WNDW  BETW  KIT  AND  FR 

15  NOV  66 

308 

2  ASP 

KF  ACCEL 

AIR  COND  DOOR 

15  NOV  66 

309 

2  A6P 

HF  ACCEL 

FR-KIT-DR  MOVABLE  KIT  CAB NT  DOOR  ABV  SINK 

LEFT 

15  NOV  66 

310 

2  A9P 

HF  ACCEL 

URl  CLOSET  DOOR 

15  NOV  66 

311 

2  A10P  HE  ACCEL 

KIT  CABINET 

15  NOV  66 

312 

2  A11P 

HF  ACCEL 

FR-KIT-DR  MOVABLE  DR  CNTR  N  WINDOW 

313 

2  A12P 

HF  ACCEL 

BR1  EAST  WNDW 

15  NOV  66 

31  1 

.* 

IRIG  D  TIME  CODF.  AND  VOICE 
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TABLE  A-10 

INSTRUMENT  LOCATION  LOG  (Continued) 


DATE  1 

CHNL 

HOUSE 

INST  TYPE 

LOCATION 

INSTR 

15  NOV  66 

m 

LF  ACCEL 

ROOF  PLATE  LINE  N  WALL  NE  CORNER  (N-S  ACCEL) 

15  NOV  66 

KE9 

LF  ACCEL 

BR1  CNTR  CLG  BOTT  CHORD  ROOF  TRUSS 

15  NOV  66 

HI 

2 

A6 

LF  ACCEL 

ROOF  PLATE  LINE  E  WALL  NE  CORNER  (E-W  ACCEL) 

15  NOV  66 

404 

2 

All 

LF  ACCEL 

DR  E  WALL  MID  HT  CNTR  STUD 

15  NOV  66 

405 

2 

A7 

LF  ACCEL 

2ND  FLR  PLATE  LINE  N  WALL  NE  CRNR  (N-S  ACCEL) 

15  NOV  66 

406 

2 

A12 

LF  ACCEL 

BR1  N  WALL  MID  HT  CNTR  STUD 

15  NOV  66 

407 

2 

A8 

LF  ACCEL 

2ND  FLR  PLATE  LINE  E  WALL  NE  CRNR  (E-W  ACCEL) 

15  NOV  66 

408 

2 

ML2 

PRESSURE 

BTWN  LR  AND  DR  SUSP  6  FT  ABV  FLR 

15  NOV  66 

409 

2 

UL3 

PRESSURE 

BR1  ATTIC 

15  NOV  66 

410 

2 

MM 

PRESSURE 

BR1  CNTR  CLG  SUSP  2  IN  BELOW  CLG 

15  NOV  66 

411 

2 

D1 

DISPL 

ADJACENT  TO  A5  WITH  SAME  AXIS 

15  NOV  66 

412 

2 

02 

DISPL 

ADJACENT  TO  A6  WITH  SAME  AXIS 

15  NOV  66 

413 

SPARE 

WWW 

DATE  i 

CHNL 

HOUSE 

INST  TYPE 

LOCATION 

1 _ 

15  NOV  66 

3 

A1H 

LF  ACCEL 

TOP  STEEL  COL  INTERIOR  OF  BLDG  E-W  RACKING 

15  NOV  66 

3 

A2H 

LF  ACCEL 

TOP  STEEL  COL  SOUTH  SIDE  E-W  RACKING 

15  NOV  66 

3 

A3H 

LF  ACCEL 

TOP  STEEL  COL  SOUTH  SIDE  N-S  RACKING 

15  NOV  66 

504  ! 

3 

A4H 

LF  ACCEL 

TOP  STEEL  COL  WEST  SIDE  N-S  RACXING 

15  NOV  66 

505 

3 

A5H 

LF  ACCEL 

CENTER  OF  ROOF  GRDR  HORZ  ACCEL 

15  NOV  66 

506 

BLANK 

15  NOV  66 

507 

3 

S1L 

STRAIN 

BOTT  FLANGE  ROOF  GIRDER  AT  CENTERLINE 

15  NOV  66 

508 

3 

S2L 

STRAIN 

BOTT  FLANGE  ROOF  GIRDER  AT  1/4  POINT  - 

15  NOV  66 

509 

3 

S3L 

STRAIN 

BOTT  FLANGE  ROOF  PURLIN  AT  CENTERLINE 

15  NOV  66 

510 

BLANK 

15  NOV  66 

511  I 

BLANK 

15  NOV  66 

512 

3 

M2 

PRESSURE 

INTERIOR  3  FT  BELOW  ROOF 

15  NOV  66 

513 

3 

M4 

PRESSURE 

EXTERIOR  ABV  ROOF 

WTl 

1 

DATE 

CHNL 

HOUSE 

INST  TYPE 

LOCATION 

..  BY  JQ  YB 

5* 

15  NOV  66 

601 

2 

MLC1 

PRESSURE 

EAST  CORNER  CRUCIFORM  ARRAY 

15  NOV  66 

602 

BLANK 

IS  NOV  66 

603 

2 

MLC2 

PRESSURE 

NORTH  CORNER  CRUCIFORM  ARRAY 

IS  NOV  66 

604 

BLANK 

IS  NOV  66 

60S 

2 

MLC3 

PRESSURE 

WEST  CORNER  CRUCIFORM  ARRAY 

IS  NOV  66 

606 

BLANK 

15  NOV  66 

607 

2 

MLC4 

PRESSURE 

SOUTH  CORNER  CRUCIFORM  ARRAY 

15  NOV  66 

608 

BLANK 

IS  NOV  66 

609 

2 

MLCS 

PRESSURE 

CENTER  BOTTOM  MAST  CRUC  ARRAY 

IS  NOV  86 

610 

BLANK 

IS  NOV  66 

611 

2 

MLC6 

PRESSURE 

CMNTER  TOP  MAST  CRUCIFORM  ARRAY  ! 

IS  NOV  66 

612 

1 

i 

VOICE 

IS  NOV  66 

613 

1 

1 

100  KC  REFERENCE  SIGNAL 

IS  NOV  66 

614 

L 

IRIG  B  TIME  CODE 
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TABLE  A-1C 


INSTRUMENT  LOCATION  LOG  (Continued) 


■ 

E3 

P| 

INST  TYPE 

LOCATION 

15  NOV  66 

801 

2  KL15 

PRESSURE 

OUTSIDE  CNTR  HIGH  ROOF  N  SIDE 

15  NOV  66 

OUTSIDE  CNTR  HIGH  ROOF  S  SIDE 

15  NOV  66 

OUTSIDE  N  WALL  ABV  PLATE 

15  NOV  66 

804 

OUTSIDE  E  WALL 

15  NOV  66 

r 

1  ML5 

PRESSURE 

OUTSIDE  W  WALL  GARAGE  AT  PLATE  LINE 

15  NOV  66 

806 

OUTSIDE  S  WALL  CNTR  ABV  PLATE  LINE 

15  NOV  66 

807 

OUTSIDE  N  WALL  MIDDLE- 2ND  STORY 

15  NOV  66 

808 

OUTSIDE  S  WALL  MIDDLE  2ND  STORY 

15  NOV  66 

809 

OUTSIDE  W  WALL  GARAGE  ABV  PLATE  LINE 

15  NOV  66 

810 

OUTSIDE  W  WALL  ABOVE  GARAGE  ROOF 

15  NOV  66 

811 

OUTSIDE  E  WALL  MIDDLE  OF  2ND  STORY 

IS  NOV  66 

IS  NOV  66 
15  NOV  66 

812 

813 

814 

1 

2  ML12 

PRESSURE 

OUTSIDE  E  WALL  MIDDLE  OF  1ST  STORY 
OUTSIDE  DR 

VOICE 

IRIG  B  TIME  CODE  (CP-100  REVERSED  IRIG 
HEAD) 
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The  cruciform  array  analog  tapes  were  digitized  using  the  facilities 
available  at  Edwards  AFB.  The  analog  to  digital  conversion  (A/D)  equip¬ 
ment  at  Edwards  AFB  is  capable  of  digitizing  six  channels  of  data  at  a 
sampling  rate  of  5000  samples  per  second  per  channel.  The  computer 
facilities  consist  of  an  IBM  7094/44  direct  coupled  system. 

The  raw  digital  tapes  are  in  multiplexed  form,  and  a  computer  program 
was  developed  in  order  to  provide  a  check  of  the  digital  data  and  to  ar¬ 
range  the  data  in  a  readily  usable  form.  This  program  de-multlplexed  and 
arranged  the  data  serially  by  mission  and  channel,  evaluated  the  sinusoid¬ 
al  calibrations  by  a  curve  fitting  and  averaging  process,  edited  the  dig¬ 
ital  data  so  that  the  final  output  was  one  second  of  data,  converted  the 
data  to  pounds  per  square  foot,  located  positive  and  negative  peaks  and 
computed  the  time  Interval  between  them,  and  stored  identification  in¬ 
formation  on  the  tape.  A  brief  description  of  the  format  of  the  digital 
tapes  is  given  in  Appendix  A-l- 

DIGITIZATION  REQUIREMENTS 
Structures  E-l,  E-2  and  E-3 


Instrument 

Tape  Recorder 

Digitization 

Filter 

Number 

Rate  SPS 

Cutoff  CPS 

Low  Frequency  Accelerometers 

TR-2 

8000 

•  1  It  M 

TR-3 

2000 

•  1  H  tt 

TR-4 

8000 

•»  t»  ;» 

TR-S 

8000 

High 

TR-3 

10000 

loading  Microphones 

TR-2 

8000 

It  II 

TR-4 

1600 

••  tt 

TR-5 

8000 

"  Chnls  801-807 

TR-S 

8000 

"  Chnls  808-812 

TR-S 

1600 

Acoustic 

TR-1 

20000 

Strain  Cages 

TR-2 

1600 

Strain  Cages 

TR-» 

1600 

Dlsplsccmcnt  Meters 

TR-4 

1600 

Cruciform  Array 

Loading  Microphones 

TR-6 

5000 

1350 

Note:  For  tape  recorders  2, 

4,  5,  and  8  the 

time  code  (tape  channel  14) 

is  digitized  as  a  data 

channel  and  the 

sampling  rate  is 

8000  sps. 
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IV  PSYCHOACOUSTIC  TESTS 


The  tirst  step  in  studying  the  effects  of  booms  and  subsonic  air- 
er.itt  noise  upon  human  reactions  was  to  specify  the  noise  conditions 
and  devise  psychological  tests  to  obtain  subjective  reactions  of  listen¬ 
ers  to  booms  and  aircraft  noise  in  terms  of  the  relative  "acceptability" 
of  these  sounds  to  them.  The  primary  test  procedure  devised  was  that 
of  paired-comparisons  in  which  the  listener  must  indicate  which  of  a 
pair  of  sounds  (two  booms,  or  a  boom  and  aircraft  noise)  is  judged  to 
be  the  more  acceptable  to  him.  The  two  sounds,  designated  as  A  and  B, 
were  made  to  occur  within  one  to  three  minutes  or  less  of  each  other, 
and  judgments  were  obtained  four  separate  times  for  each  condition  of 
A  and  B,  twice  for  A  vs,  B,  and  twice  in  reverse,  B  vs.  A.  In  addition, 
the  listeners  were  required  to  indicate  on  a  scale  the  acceptability  of 
each  boom  or  aircraft  noise. 

During  Phase  I,  173  subjects  were  selected  from  Edwards  Air  Force 
Base  and  Lancaster,  During  Phase  II,  subjects  were  not  used  in  the 
Lancaster  test  house.  Approximately  120  subjects  were  selected  for 
Phase  II  from  each  of  three  communities:  Edwards  Air  Force  Base, 
Fontana,  and  Kcdlands,  California,  with  the  majority  of  the  tests  con¬ 
ducted  with  the  Edwards  Air  Force  Base  personnel.  During  both  Phases, 
the  subjects  were  distributed  inside  and  outside  the  test  structures 
at  Edwards  Air  Force  Base  as  follows: 


F.-l  Bedroom 

8 

subjects 

E-l  Living  Room 

8 

subjects 

E-l  Kitchcn/Family  Room 

11 

subjects 

E-2  Bedroom 

10 

subjects 

E-2  Living  Room 

9 

subjects 

E-2  Dining  Room 

6 

subjects 

E-2  Kitchcn/Family  Room 

13 

subjects 

Outside 

53 

subjects 

Tot  a  1 

120 

subjects 
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The  subjects  were  all  adults  (18  years  or  older)  and  were  chosen  to  be 
as  representative  as  possible  of  the  communities  in  which  they  live, 
including  at  least  80%  housewives.  The  hearing  acuity  of  the  subjects 
frcwi  Edwards  was  determined  by  standard  audiometric  techniques. 

In  the  experiments,  at  least  four  evaulators  monitored  the  subjects, 
notifying  them  1-2  minutes  in  advance  of  each  pair  of  test  flights,  and 
collecting  and  scoring  the  answer  sheets.  The  psychological  response 
sheets  were  scored  and  the  data  tabulated  on  a  daily  basis.  The  re¬ 
sponse  data  were  also  entered  on  punch  cards  for  detailed  post-test 
analyses  which  would  show  the  percentage  of  people  who  preferred  the 
first  or  the  second  of  the  pairs  of  sonic  booms  or  boom  and  subsonic 
aircraft  noise,  and  the  distributions  of  acceptability  ratings  given  to 
each  of  the  sonic  booms  or  aircraft  noises.  The  data  were  averaged 
over  all  subjects  in  E-l  and  E-2  to  represent  general  "indoor"  listen¬ 
ing  response  and  averaged  over  the  outdoor  listeners  to  obtain  "outside" 
listening  response.  In  addition,  the  subj<ctive  response  data  were 
scored  in  terms  of  groups  ol  subjects  located  in  individual  rooms  with¬ 
in  E-l  and  E-2  to  determine  possible  differences  in  room  conditions 
upon  subjective  response.  Data  concerning  age,  sex,  occupation,  and 
years  of  residence  in  their  community  were  obtained  from  all  of  the 
subjects  and  correlated  with  the  subjective  response  data. 

The  subjective  response  data  were  correlated  with  a  number  of  phys¬ 
ical  measures  of  the  sonic  boom  and  subsonic  aircraft  noise  to  deter¬ 
mine  possible  methods  of  measurement,  and  calcul.it  ions  from  these  meas¬ 
urements,  that  can  be  used  to  predict  subjective  reactions  to  sonic 
booms  and  subsonic  aircraft  noise.  To  this  end.  the  physical  measures 
and  Indices  plven  on  p.  A-58  are  being  obtained  for  Phase  11  data.  The 
poor  time  code  on  the  tapes  from  Phase  1  limits  the  number  of  computa¬ 
tions  which  will  be  made  from  that  Phase.  Finally,  the  structural  re¬ 
sponse  data  will  be  analyzed  and  an  attempt  made  to  explain.  If  possible, 
what  role  the  house  structures  and  components  In  the  houses  had  in  pro¬ 
ducing  the  acoustic  and  vibrational  signals  to  which  the  subjects  re¬ 
sponded. 
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EDWARDS  PHASE  II  DATA  REDUCTION 


BOOM  NOISE 


Inside 

Hie.  Acc. 

Outside  1 
Mic.  Acc. 1 

Inside  Outside 

"Peak"  PNdB,  dB(A),  dB(N),  loudness 
(phon-s) 

■ 

1 

■ 

1 

X 

X 

"integrated  Average”  of  above 

B 

B 

B 

X 

X 

Values  of  Peak  PNdB,  dB (A ) ,  dB(N) , 
loudness  (phon-s)  at  1/2  sec. 
interval 

■ 

■ 

X 

X 

X 

Peak  Acceleration 

X 

LP 

X 

X 

Energy  Spectra  0-50  cps 

X 

X 

0-200 

X 

X 

0-1000 

X 

X 

20-1000 

X 

X 

20-200 

X 

X 

NOTE:  (I) 
(2) 
(3) 


(J) 


cr.) 


Use  70  msec  smoothing  time  constant  lor  boom  analysis. 

Use  200  msec  smoothing  time  constant  for  noise  analysis. 
Recording  instruments  to  be  used. 

(a)  a  cruciform-array  microphones  (booms) 

(b)  l  outdoor  acoustic  microphone  (booms  and  noise) 

<c)  8  indoor  acoustic  microphones  (booms  and  noise) 

(d)  8  low-frequency  acccleroaicters  (booms) 

"integrated  Average"  means  the  accumulated  values  oi  smoothed 
(a vera ged )  samples . 

For  boom-boos  missions  — ♦  44  records  to  be  processed. 

For  boom-noise  mission’--*31  records  to  be  processed. 
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OPERATIONAL  SUPPORT  PLAN 
Prepared  by  USAF  Flight  Test  Center 
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OPERATIONAL  SUPPORT  PLAN 


In  general,  technical  support  was  required  for  the  sonic  boom  test 
program  in  four  areas,  defined  as  follows: 

1.  Radar  control  and  space  positioning  data 

2.  Base  timing 

3.  Data  processing 

4.  Photographic  support 

Radar  vectoring  and  control  determined  aircraft  position  over  the 
instrumented  test  sites  during  the  recording  times. 

Base  timing  provided  a  time  reference  for  the  acoustical  informa¬ 
tion  recorded  at  the  test  sites. 

Data  processing  digitized  and  formatted  the  recorded  information 
in  a  form  (DDPS  output  tape)  acceptable  to  the  AFFTC  Data  Systems  Com¬ 
puting  Center. 

The  operations  plan  specified  the  following  tasks  to  achieve  the 
above- listed  support: 

1.  Technical  Support  by  Edwards  Air  Force  Base 

Provide  radar  vectoring  and  control  for  all  aircraft  during  sonic 
boom  tests.  Analog  plots  were  required  for  all  aircraft  during  super¬ 
sonic  portion  of  flight,  with  no  more  than  two  aircraft  shown  on  each 
plot. 

Provide  altitude  and  speed  adjustments  for  aircraft  prior  to  20 
nautical  miles  from  entry  point.  No  correction  will  pe  made  after  the 
20  mile  point . 

Provide  countdown  from  three  miles  to  test  site. 

Provide  deceleration  point  and  turn  information  to  aircraft. 

Provide  a  record  of  the  following  information  for  all  supersonic 
flights: 
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1 . 

Time 

of 

entry  point 

-■ 

Time 

super sonic 

3. 

Time 

at 

a  1 1  i  t  ude 

4. 

T  ime 

on 

Mach  number 

5. 

Time 

at 

20  mile  point 

b. 

T  ime 

subsonic 

Provide  digital  radar  data  for  all  XB-70  and  NASA  F-104  flights. 

Provide  analog  plots  on  the  WC-  135B  flights. 

Provide  a  terminal  timing  unit  for  installation  in  the  instrumented 
test  site  on  south  base. 

Provide  one  timing  van  to  supply  base  timing  at  the  bowling  alley. 

Provide  a  copy  of  analog  tape  recorded  at  set  site. 

Provide  analog-to-digitul  conversion  for  approximate! v  30  tapes. 
Each  tape  will  consist  of  information  from  as  many  as  12  sonic  boom 
tests. 

The  magnetic  tape  will  contain  the  following  information: 

1.  Six  channels  of  wide  band  data  (54  KC  *  40^) 

2.  One  channel  1K1G  H  timing 

3.  One  channel  of  100  KC  reference  frequency 

4.  One  track  audio 

The  above  data  channels  will  be  digitized  simultaneously  and  for¬ 
matted  as  follows: 

1.  5000  samplos/sccond  'channel 

2.  Number  of  words  per  record  -  920 

3.  Numlier  «*l  bits  per  word  -  24 

I.  Bit  density  -  556  D.P.l. 

Pic-  tnd  po-.t-c.il  ibrat  ion  information  shall  also  include  digitiza¬ 
tion  in  conjunction  with  the  data. 

Start  slop  time  for  the  calibration  and  data  wilt  be  Identified  by 
the  requestor  (eonl r .let or ) . 


A- 1-2 


The  programmer  (contractor)  will  merge  the  digitized  tape  with  the 
card  information  (control  and  test  data)  in  the  direct  coupled  computer 
system  (IBM  7091/14), 

Computer  output  will  consist  «»f: 

1,  tabular 

2,  three  tapes  of  merged  data  (copies) 

Provide  50  1x5  still  photos  of  instrumented  test  sites  and  subjects. 

Prepare  a  la-to  20-rcinute  silent  mhouse  engineering  briefing  film 
of  Phase  II  of  the  test  program. 

Prepare  a  Stall  Klim  Report  on  Phase  II  of  the  test  program. 

Provide  10  each  8x10  prints  o f  the  still  photos  (color). 

Provide  vertical  aerial  photo  (color)  of  the  three  test  sites  as 
shown  in  Attachment  4.  Area  shown  is  2000*  long  by  600'  wide. 

Provide  six  each  proportional  color  prints  of  aerial  photos. 

2.  Flight  Operations,  Strategic  Air  Command  (SAC)  Mission 

SAC  will  provide  B-58  aircraft  and  associated  tanker  support  lor 
the  number  of  booms  and  overpressure  required. 

Planning  Data 

SAC  B-58  support  for  XB-70  aircraft  will  stjgo  from  Edwards  AFB  to 
provide  back-up  capability  >1  the  AFSC  TB-58  aircraft  as  well  as  afford¬ 
ing  common  brieTlng  of  all  participating  aircrews.  If  back-up  is  un¬ 
necessary,  SAC  B-58  may  be  launched  alter  XB-70  torcc  lor  use  in  other 
experiments  as  required,  Alt  B-aH  sorties  supporting  F-104  and 
HC-135B  aircraft  may  be  launched  l r<*n  home  base. 

Point  «»(  supersonic  over  l  light  is  ,11-51-258  117-51-30*  on  an  in¬ 
bound  track  of  215*'  mag  Aircraft  will  decelerate  to  subsonic  speed 
on  request  of  SPORT  COXTKOL,  turning  right  for  subsequent  runs  as 
necessary.  Racetrack  pattern  will  remain  within  bounds  of  Edwards  S0A. 

A  maximum  of  two  B-58  aircraft  will  be  in  the  racetrack  pattern  at 
any  time.  B-5H  aircraft  will  be  spaced  at  opposite  ends  of  the  race- 
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track  pattern  when  two  B-58's  are  needed  to  meet  boom  tii.es. 

Planned  boom  time  lor  first  aircraft  scheduled  to  cross  overflight 
point  on  sorties,  not  involving  the  XB-70,  is  1630Z. 

Planned  boom  times  for  XB-70  are  1745Z  and  1845Z  on  double  boom 
sorties,  an;l  1745Z  on  single  boom  sorties.  Boom  times  for  other  air¬ 
craft  suppoiting  the  XB-70  will  be  provided. 

Ten  additional  B-58  supersonic  overflights  will  be  required  at 
seismological  sites  in  Arizona  and  Utah  (5  booms  each  site)  upon  com¬ 
pletion  of  the  experiment  at  Edwards  Air  Force  Base.  Information  will 
be  forthcoming  when  it  becomes  available. 

B-58  aircrews  will  report  actual  true  heading,  Mach  number,  indi¬ 
cated  altitude  (29.92),  gross  weight,  and  flight  conditions,  i.e., 
turbulence  or  any  departure  from  straight-and-level  at  time  of  over¬ 
flight  of  designated  point. 

3.  Flight  Operatlons-Military  Aircraft  Command  Mission 

MAC  will  provide  WC-135B  fan. jet  subsonic  overflights  as  required. 

Planning  Data 

MAC  WC-135B  support  will  be  generated  to  conduct  low-level  sub¬ 
sonic  overflights  of  varying  PNdB  noise  levels.  Altitudes,  aircraft 
configuration  and  EPR  required  to  produce  desired  PNdB  levels  are  as 
indicated  at  the  end  of  this  Appendix. 

Flights  will  be  flown  over  specially  constructed  Instrumented 
houses  and  subjects  in  conjunction  with  the  XB-70,  B-58,  and  F-104  booms. 

Weekly  flight  schedules  will  be  furnished  Edwards  Center  scheduling 
by  ll<h)  each  Wednesday.  Daily  confirming  flight  schedules  will  be  fur¬ 
nished  by  Iloo  on  the  day  preceding  that  schedule. 

XU-70  flights  will  take  priority  over  all  other  desired  data. 
Coordination  of  both  weekly  and  dally  schedules  will  be  effected  by 
Edwards  AFU  Center  Scheduling  with  project  personnel  o|  the  9th  Weather 
Squadron.  Devi  at  ion*,  from  schedule  sill  occur  only  as  dictated  by 
XII- To  status. 
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WC-135R  aircraft  will  fly  a  right-hand  racetrack  pattern  with  an 
inbound  heading  of  065  degrees  over  the  test  site.  Space  positioning 
will  orbit  WC-135B  aircraft  in  the  vicinity  of  Rosamond,  California,  to 
establish  timing. 

All  overflights  will  be  conducted  at  takeoff  power  setting  ol  1,76 
EPK,  Aircraft  will  be  sluw-ilown  on  inbound  heading  to  approximately 
6o  seconds  from  over  site.  Aircraft  at  this  time  will  be  configured  to 
enable  minimum  speed  at  takeoff  power,  maintaining  constant  assigned 
altitude.  Aircraft  will  maintain  altitude  and  power  setting  for  30 
seconds  after  passing  test  site.  Pilot  will  report  to  tower  when  on 
inbound  heading.  Tower  will  take  action  lo  preclude  loss  of  data  due 
to  conflicting  engine  run  up,  takeofis,  or  landings  during  overflight 
of  WC-135B.  At  termination  of  each  run,  WC-135B  pilot  will  pass  power 
setting,  speed,  and  altitude  to  SPORT  CONTROu. 


ALTITUDE  ABOVE  SITE 

EPR 

PNdB 

8000' 

1.76 

85 

4000' 

1.76 

95 

2800' 

1.76 

100 

2000’ 

1,76 

105 

1800' 

1.76 

106 

1400' 

1.76 

no 

1000' 

1.76 

113 

700' 

1.76 

117 

500’ 

1.76 

116 

400’ 

1.76 

121 

250* 

1.76 

125 
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INSTRUMENT  CALIBRATION  PROCEDURES 


General 

The  following  general  procedures  were  followed: 

1,  All  equipment  was  left  in  the  "Power  On"  condition,  except 
tape  recorders  which  were  turned  off  over  weekends  only, 

2,  All  instrumentation  channels  were  calibrated  prior  to  and  im¬ 
mediately  after  each  day's  run.  Calibration  commenced  at  0600  on  run 
days. 

3,  Use  of  voice  annotations  was  held  to  a  minimum  to  maintain 
IrtIG  timing  on  the  tapes. 

4,  On  each  run  day,  personnel  were  informed,  prior  to  calibrating, 
of  values  to  set  on  the  various  channels.  Variations  in  gain  settings 
were  recorded  on  the  log  sheet  for  the  particular  mission. 

5,  All  pertinent  data,  including  unusual  conditions  or  events, 
were  recorded  on  the  appropriate  data  sheets. 

Phot oc on  Microphone  Calibration 

1 .  Tune  Dynagage 

2.  Set  Dynagage  at  attenuation  of  "18." 

3.  Set  Burr.  Brown  Amplifier  at  18  dB. 

4.  Balance  Dynagage  for  "zero  output." 

5.  Install  the  proper  adaptor  on  the  driver  unit  of  the  model 
PC-125  calibrator. 

6.  Check  the  battery  condition  of  the  PC-125  by  turning  the 
function  control  to  "Bat.  Check."  If  the  meter  reada  below  the  line 
marked  "flat.  Check,"  rechaigv  the  batteries  for  a  minimum  of  12  hours. 

If  the  meter  reads  above  the  "Bat.  Check"  line,  proceed  as  follows: 
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7.  Set  the  "dB  SPL"  control  to  120  dB,  turn  the  function  control 
to  "operate"  and  adjust  the  "SPL  ADJ"  control  until  the  "SPL"  meter 
reads  0  dB. 

8.  Adjust  Burr  Brown  amplifier  gain  to  obtain  a  "2vPP"  signal  at 
tape  recorder  input  for  SPL  of  120  dB. 

9.  Alternately  switch  calibrator  "or  fa  off"  and  check  balance  and 
gain  settings.  The  system  is  now  ready  to  make  the  day's  calibration 
and  record  on  tape.  NOTE:  After  system  calibration  is  on  tape,  do  not 
retune  Dynagage. 

10.  When  flight  settings  are  made,  leave  Dynagage  at  "18."  Add  or 
subtract  as  needed  in  Burr  Brown  amplifier.  (Always  stay  1  dB  under 
the  assigned  level — if  the  difference  is  an  odd  number.) 

11.  Continually  check  the  Dynagage  tuner  for  dc  balance. 

12.  Do  not  rebalance  system  after  the  command  "Recorders  On"  is 
given. 

13.  Only  one  variable  will  be  used  to  obtain  the  desired  SPL,  if 
possible. 

14.  A  2vPP  signal  will  be  the  equivalent  of  120  dB  SPL. 

NOTE:  If  the  tuning  meter  should  read  high  throughout  the  entire 

tuning  range,  it  indicates  that  the  link  circuit  is  open.  If  this 
happens,  the  transducer  cable  and  its  connectors  should  be  inspected. 

If  the  meter  stays  near  the  middle  of  the  scale  during  tuning,  a  short 
in  the  transducer  cable  or  in  the  transducer  itself  la  indicated. 

Accelerometer  Calibration 

1.  Set  accelerometer  voltage  ut  "i28  volts  dc." 

2.  Set  accelerometer  amplifier  voltage  at  "±15  volts  dc." 

3.  Check  output  voltage  when  switch  is  in  "amplifier"  position. 

4.  Balance  output  to  "zero”  with  balance  pot,  adjust  dc  balance, 
and  check  with  digital  voltmeter. 

5.  Run  a  current  inspection  calibrate  on  the  sensitivity  range 
selected  tor  the  day's  flight,  using  table  below  as  a  guide: 
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Accelerometer 

Sensitivity 


External  Calibrate 
Box 


0.05 

g 

8  micro 

amps 

0.1 

g 

16  micro 

amps 

0.2 

g 

20  micro 

amps 

0.5 

g 

20  micro 

amps 

1.0 

g 

20  micro 

amps 

Current  Insertion  Calibrating  Prcte:’  re: 

1.  Insert  the  phone  jack  of  the  external  insertion  box  into  front 
of  accelerometer  control  panel , 

2.  Record  "zero"  voltage  on  data  sheet. 

3.  With  the  calibrate  switch  of  the  external  calibrate  box  in  the 
"positive"  position,  udjust  the  balance  pot  to  give  the  required  current 
level  as  listed  in  step  4  above.  Record  the  voltage,  then  switch  to  the 
"negative"  calibrate  position  and  record  the  voltage  on  your  data  sheet. 

4.  Record  calibrate  0,  +  ,  and  -  signals  on  tape  recorder. 

Strain  Cage  Calibration 

1.  Check  system  for  proper  sensitivity  range  card.  (Registor 
Board) 

2.  Check  output  voltage  (amplifier  balance)  when  switch  is  in 
"dummy  gage"  position.  (Should  be  "zero.") 

3.  Check  calibrate  voltages  on  "dummy  bridge"  position. 

4.  If  calibrate  voltage  varies  more  than  20-aililvolts  from  or¬ 
iginal  calibration,  call  to  attention  of  project  engineer. 

5.  Switch  to  "active  gage"  position  and  zero  active  bridge. 

6.  Check  calibrate  voltages  with  digital  voltmeter.  (Record  on 
data  sheet.)  Record  calibrate  signal  on  tape  recorder. 

Bruel  and  Kjaer  Microphone  Calibration 

1.  Set  Burr  Brown  Amplifier  (Model  9860)  at  100  dB, 
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2.  Install  the  proper  adapter  on  the  driver  unit  of  Model  PC-125 
calibrator  (Photocon  unit). 

3.  Check  the  battery  condition  of  the  PC-125  by  turning  the  func¬ 
tion  control  to  "Bat.  Check."  If  the  meter  reads  below  the  line  marked 
"Bat.  Check”,  recharge  the  batteries  for  a  minimum  of  12  hours.  If  the 
meter  reads  above  the  "Bat.  Check"  line,  proceed  as  follows: 


4.  Set  the  "dB  SPL”  control  to  100  dB,  turn  the  function  control  to 
"operate"  and  adjust  the  "SPL  ADJ"  control  until  the  "SPL"  meter  reads 
zero  dB. 

5.  Verify  that  the  two  100  dB  settings  produce  a  1.5  volt  p-p 

< 1 10%)  reading  on  the  oscilloscope.  (Note:  If  scope  indicates  greater 
than  ±10%,  set  unit's  knob  to  produce  1.5  volts  (±10%)  and  then  reset 
knob,  by  means  of  a  setscrew,  to  zero). 

6.  Verify  that  oscillograph  deflection  is  approximately  0.5  in. 
with  the  two  100  dB  settings. 

7.  For  data  runs,  set  amplifier  gain  knobs  in  accordance  with  the 
published  schedule  for  each  individual  mission.  (Normally,  these  set¬ 
tings  were  determined  by  SRI  and  were  different  for  each  noise  and  each 
boom  mission  The  dial  settings  then  become  the  "calibration”  for 
each  mission.  (Examples:  If  dials  indicate  117  dB,  the  1.5  volt  p-p 
signal  of  step  5  above  equals  117  dB.  If  dials  indicate  83  dB,  1.5 
p-p  ■  83  dB . ) 


4.  Set  selector  switch  on  Datacraft  panel  to  proper  channel 
and  set  toggle  switch  to  "input.” 
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5.  Adjust  amplitude  control  on  oscillator  until  proper  mv/g 
level  is  read  on  scope  (-100  mv/g  accelerometers  are  being  used).  Cor¬ 
rect  Input  voltages  will  be  assigned  each  day. 

6.  Reset  toggle  switch  on  calibration  panel  to  "output."  Adjust 
gain  control  on  that  panel  until  output  reads  2.0  volts  p-p  on  the 
scope. 

?,  Repeat  for  other  channels,  turning  selector  switch  to  proper 
channel  each  time. 
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Appendix  A- 3 
VEATHEK  STUDIES 

ESSA  conducted  studies  concerned  with  the  el' feels  on  sonic  boom 
propagation  of  waves  on  low-level  temperature  inversions  and  with  the 
influence  of  low-level  turbulence  on  bourn  characteristics  using  boom 
signature  measurements  from  the  microphone  arrays  at  E-2  (cruciform), 

Site  9,  and  Site  5  (800(1- ft  linear  array)  (Figs.  2  and  3),  anu  soundings 
of  temperature,  humidity,  and  wind  to  at  least  10,000  it  above  the 
operating  altitudes  of  aircraft  producing  the  test  sonic  booms.  One 
sounding  release  at  about  0700  LST  and  a  second  at  about  1100  LST  were 
calculated  to  provide  the  data  needed. 

ESSA  also  collected  meteorological  data  from  an  instrumented,  light¬ 
weight  "pop-up"  tower  about  85  ft  in  height  located  near  the  center  of 
the  Site  9  array.  Temperature,  total  wind  vector  (expressed  in  terms 
of  the  three  components),  and  fluctuations  of  these  elements  were  re¬ 
corded  at  10  ft  and  85  ft  above  ground.  Data  were  recorded  on  14- 
channel  tape  recorders  from  which  spectral  analyses  of  temperature 
and  wind  gustiness  were  performed  over  a  frequency  range  of  from  2  to 
0,001  Hz.  Dates  and  periods  of  operation  of  the  tower  are  listed  in 
Table  A-3-1. 

In  addition,  an  instrumented  aircraft  made  concurrent  meteorological 
measurements  in  the  vicinity  ol  any  existing  low- level  (up  to  10,000  ft 
MSL)  temperature  inversions  during  the  sonic  boom  missions.  During  the 
early  part  of  the  test  program,  a  C-131U  aircraft  associated  with  the 
L0-L0CAT  project  was  used  when  available,  while  a  chartered  light  plane 
(Cessna  150)  was  flown  as  soon  as  suitable  instrumentation  became  avail¬ 
able  in  December,  Tables  A- 3-2  and  A-3-3  list  the  dates  and  times  of 
the  missions  flown  by  the  C-131B  and  the  Cessna  150,  respectively. 

Figure  A-3-1  shows  the  tlight  track  |<>1  lowed  bv  the  latter  in  relation 
to  the  general  test  area.  The  C-13H1  data  was  taken  over  the  vicinity 
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of  the  southeastern  position  of  Rogers  Dry  Lake. 

Approximately  one  hour  prior  to  each  sonic  boom  mission  series, 
as  indicated  above,  the  Rawinsonde  Section  of  the  Edwards  Air  Force 
Base  Weather  Detachment  conducted  a  special  sounding  using  a  modified 
radiosonde  attached  to  a  balloon  ascending  at  about  750  ft/min,  which 
provided  a  detailed,  continuous  temperature  profile  up  to  10,000  ft  MSL. 
These  data  were  used  operationally  to  determine  the  heights  of  any  tem¬ 
perature  inversions  in  the  lower  atmosphere,  and  in  turn  to  specify  the 
maximum  altitude  of  the  aircraft  measurements  for  each  mission.  Table 
A- 3-1  list*  the  dates  and  times  of  the  low-level  soundings  taken  during 
the  project.  Following  each  of  these  soundings  a  normal  sounding  to 
high  altitudes  was  taken  by  Rawinsonde  Section  for  general  use  by  all 
participants. 
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Table  A-3-1 


ESSA  METEOROLOGICAL  TOWER  OPERATIONS 
PHASE  I I -EDWARDS  AIR  FORCE  BASE 


DATE 

PERIODS  OF  DATA  COLLECTION  (LST) 

Nov . 

16, 

1966 

0820-1230 

t* 

17 

tt 

0934-1230 

*f 

21 

ft 

0815-1330 

It 

22 

M 

1030-1430 

It 

23 

tt 

0530-0630,  0836-0935 

it 

29 

ft 

0935-1015,  1245-1515 

tt 

;«) 

II 

0750-1000,  1230-1330 

Dec . 

1 

It 

0800-0930,  1239-1430 

tr 

2 

tt 

0830-1045 

ti 

8 

tt 

0800-1320 

it 

9 

ft 

0845-1045 

t* 

12 

tl 

0938-1130,  1439-1600 

M 

16 

•1 

0719-0824,  1115-1523 

M 

19 

ft 

0800-0848 

11 

20 

M 

0845-1000,  1100-1230 

II 

21 

It 

0700-1115 

Jan. 

4, 

1967 

0926-1030,  1209-1421 

H 

9 

tt 

1010-1330 
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Table  A-3-2 

C-131B  AIRCRAFT  OPERATIONS 
PHASE  I I -EDWARDS  AIR  FORCE  BASE 


DATE 

Nov,  4,  1966 


PERIODS  OF  DATA  COLLECTION  (LST) 
♦0900-0920 

*0915-0935,  1315-1335 
1058-1114 
0915-0930 

*0915-0931,  1320-1336 
1110-1130 
0859-0908 


*  8000  It  linear  microphone  array  in  operation 


A- 3- 4 


FIG,  A-3-1  FLIGHT  PATTERN  OF  ESSA  INSTRUMENTED  LIGHT  AIRCRAFT 


Table  A- 3-4 


LOG  OF  LOW-LEVEL,  SLOW-ASCENT  TEMPERATURE  SOUNDINGS 
TAKEN  BY  EAFB  WEATHER  DETACHMENT 
PHASE  II -EDWARDS  AIR  FORCE  BASE 


Noe. 

4, 

1966 

1545,  2100 

ft 

8 

II 

1813 

II 

9 

ft 

1900 

ft 

10 

It 

1830,  2200 

(t 

It 

If 

1608,  2110 

15 

«* 

1755 

If 

16 

ft 

1810 

(1 

17 

tl 

1650,  2207 

•  1 

18 

" 

1700,  2000 

«« 

21 

If 

1800 

»» 

22 

It 

1850 

II 

23 

" 

1947 

M 

28 

II 

1600,  1805(?) 

•1 

29 

II 

1730,  2131 

» 

30 

tl 

2355 

Dee . 

1, 

1966 

1600,  1945 

tl 

2 

tt 

1830 

•• 

? 

It 

? 

If 

6 

tt 

1600 

•' 

7 

II 

1830 

II 

9 

tt. 

1730 

•  1 

12 

•' 

1630,  2130 

fl 

13 

If 

1545,  2200 

If 

14 

tl 

1545 

ff 

15 

tt 

1520 

II 

16 

tt 

1400 

II 

19 

tl 

1630 

fl 

20 

tl 

1535 

tl 

21 

II 

1600 

Jan.  4, 

1967 

1630,  1845 

tt 

5 

tl 

2000 

tl 

6 

tt 

1715,  1950 

tt 

9 

tl 

1815,  2100 
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1 .  Procedures  for  Handling  Damage  Complaints 

a.  All  complaints  were  received  by  the  Edwards  Air  Force  Base  In¬ 
formation  Office.  The  Information  Office  maintained  statistics  on  all 
complaints  received.  All  complaints  in  which  damage  was  reported  were 
recorded  on  the  complain*  report  furnished  by  the  Air  Force  Flight  Test 
Center  Staff  Judge  Advocate.  Reports  of  damage  complaints  were  delivered 
to  the  Claims  Officer,  Air  Force  Flight  Test  Center, no  later  than  1500 
hours  each  workday.  Damage  complaints  received  on  weekends  were  delivered 
to  the  Claims  Officer  at  0730  hours  each  Monday.  Any  report  of  personal 
injury  was  to  be  reported  immediately  to  the  Claims  Officer,  Air  Force 
Flight  Test  Center. 

b.  The  Claims  Officer,  Air  Force  Flight  Test  Center,  reviewed  each 
complaint  of  damage,  categorized  the  complaint  by  type,  i.e.,  Glass, 
Plaster,  Glass  and  Plaster,  Structural,  Personal  Injury,  or  Miscellaneous, 
and  delivered  the  complaint  report  to  the  designated  representative  of 
John  A.  Blume  and  Associates  by  1600  hours  each  day.  Damage  complaints 
received  on  Monday  morning  were  delivered  to  John  A.  Blume  and  Associates 
by  0830  hours  each  Monday.  The  Claims  Officer  provided  the  John  A.  Blume 
and  Associates  representative  with  a  supply  of  Air  Force  Logistics  Command 
Forms  666  through  670. 

c.  The  Claims  Officer,  Air  Force  Flight  Test  Center,  sent  directly 
to  potential  claimants  the  necessary  claim  forms  and  instructions. 

d.  John  A.  Blume  and  Associates  utilized  qualified  engineers  in  in¬ 
vestigating  damage  complaints.  All  damage  complaints  were  investigated. 

e.  Aii  Force  Logistics  Command  Form  666  was  utilized  in  investiga¬ 
ting  glass,  bric-a-brac,  etc.,  damage  complaints.  Air  Force  Logistics 
Command  Form  667  was  utilized  in  investigating  plaster  and  structural 
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damage  complaints.  The  investigating  engineer  took  photographs  depict¬ 
ing  the  damage  and  provided  diagrams  of  the  damaged  areas  on  Air  Force 
Logistics  Command  Forms  669  and  670, 

f.  John  A,  Biume  and  Associates  recorded  data  pertaining  to  the 
flight  causing  the  damage  on  Air  Force  Logistics  Command  Forms  666  and 
667.  These  data  were  obtained  by  John  A,  Biume  and  Associates  from  the 
Bata  Requirements  and  Scheduling  Section, 

g.  All  complaints  of  personal  injury  were  to  be  investigated  im¬ 
mediately  by  the  Claims  Officer,  Air  Force  Flight  Test  Center. 

h.  Ail  complaints  of  damage  to  animals  were  to  be  investigated 
within  2-1  hours  by  the  Claims  Officer  and  a  veterinarian, 

2.  Procedures  for  Handling  Claims 

a.  A  specific  block  of  claims  numbers  was  assigned  to  Edwards  Air 
Force  Base  so  that  claims  generated  by  this  exercise  could  be  readily 
idcnt l f led . 

b.  Upon  receipt  if  a  claim,  Air  Force  Form  176  was  prepared. and 
the  claim  was  assigned  a  claim  number. 

c.  Claims  resulting  from  this  program  were  processed  through  nor¬ 
mal  claims  channels.  The  Staff  Judge  Advocate,  Air  Force  Flight  Test 
Center,  took  final  action  on  all  claims  filed  for  $500.00  or  less.  The 
Staff  Judge  Advocate,  Sacramento  Air  Materiel  Area,  took  final  action  on 
.III  claims  filed  lor  amounts  between  $500.00  and  $1,000.00.  Headquarters, 
United  States  Air  Force,  took  action  on  all  claims  filed  for  $1,000.00 

«>r  more  (such  claims  will  lie  iorwarded  through  Air  Force  Logistics 
Command) . 

d.  All  cases  involving  personal  injury  were  to  be  evaluated  !*>  a 

medical  d«>ct<«i  before  final  action  was  taken. 

«•,  All  cases  involving  injury  to  animals  were  to  be  investigated 
and  evaluated  In  a  voter inartan  before  final  action  ts  taken. 

t.  Cl  tin-  «*r«  tinalt.ed  when  the  Clal'-s  Oil  leer  hail  all  the  net— 
es»,tr\  <!>h  ut.eiit  it  i<*n  Ivor  the  claimant  and  the  report  of  investigation 


*a  -  cora*l«t«- . 
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3. 


Procedures  for  Hand  linn  Appeals 


a.  Upon  receipt  of  a  letter  from  a  claimant  expressing  dissatisfac¬ 
tion  with  the  decision  rendered  in  his  ease,  a  letter  was  sent  to  the 
claimant  explaining  his  appellate  rights.  At  the  same  time,  he  was  ad¬ 
vised  that  he  may  present  any  additional  evidence  that  he  would  like  to 
have  considered. 

b.  Should  the  claimant  file  an  appeal,  the  Staff  Judge  Advocate 
reconsidered  his  previous  decision  and  if  he  felt  that  payment  was  war¬ 
ranted,  he  might  then  reverse  his  previous  decision.  If  he  felt  that  re¬ 
versal  of  his  previous  decision  was  not  warranted,  he  transmitted  the 
entire  file  through  claims  channels  to  Headquarters,  United  States  Air 
Force. 

•1,  Funding 

Claims  were  paid  out  of  Air  Force  funds  initially.  Standard  Form 
1031  was  annotated  to  show  that  payment  was  made  lor  "Claim  paid  during 
the  Edwards  AFB-Nutional  Sonic  Boom  Evaluation  Program-Reimbursable  by 
the  Federal  Aviation  Agency."  An  extra  copy  of  Standard  Form  1034  was 
prepared  and  after  payment  was  made  by  the  local  finance  office,  the 
extra  copy  was  returned  to  the  Office  of  the  Staff  Judge  Advocate. 

Every  90  days  Standard  Form  1080  was  dispatched  to  the  Federal  Aviation 
Agency  and  attached  to  that  form  were  the  supporting  Standard  Forms 
1034  showing  that  payments  had  been  made  by  the  Department  of  the  Air 
Force . 

5.  Reports 

a.  The  Staff  Judge  Advocate,  Air  Force  Flight  Test  Center,  prepared 
a  weekly  report  t<«  Headquarters,  United  States  A»r  Force  (AFJALD).  with 
information  copies  to  Headquarters,  Ajr  Force  Logistics  Command  (MCJMA) 
and  Sacramento  Air  Materiel  Area  (JA).  The  weekly  report  was  furnished 
through  January  1967.  Thereafter,  reports  were  submitted  monthly. 

b.  The  Staff  Judge  Advoca.;,  Sacramento  Air  Materiel  Area  prepared 
a  weekly  report  to  Headquarters,  United  States  Air  Force  (AFJALD),  with 
information  copies  to  Headquarter-.,  Air  Force  Logistics  Command  (MCJMA) 
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and  Air  Force  Flight  Test  Center  (JA) .  The  weekly  report  was  furnished 
through  January  1967,  Thereafter,  reports  were  submitted  monthly. 

6.  Liaison 

a.  The  Claims  Officer,  Air  Force  Flight  Test  Center  maintained 
liaison  with  the  National  Sonic  Boom  Evaluation  Office  at  Edwards  Air 
Force  Base. 

b.  The  Claims  Officer,  Air  Force  Flight  Test  Center,  delivered  the 
weekly  claims  report  to  Edwards  AFB  National  Sonic  Boot  Evaluation  Office, 
each  week  during  November  and  December  1966  and  January  1967. 
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Appendix  A- 5 
PUBLIC  INFORMATION 

Public  information  responsibility  for  the  Edwards  Air  Force  Base 
Sonic  Boom  Test  Program  rested  with  the  Director  of  Information, 
National  Sonic  Boom  Evaluation  Office  (NSBEO) . 

1.  The  initial  public  announcement  of  tests  and  any  subsequent 
public  information  releases  were  only  made  in  coordination  with  that 
office. 

2.  Proposed  public  information  releases  from  any  of  the  several 
cooperating  agencies  were  coordinated  with  the  Director  of  Information, 
National  Sonic  Boom  Evaluation  Office,  prior  to  release. 

3.  During  operations  at  Edwards  Air  Force  Base,  the  senior  repre¬ 
sentative  of  NSBEO  made  policy  determinations  of  public  information 
activity  at  Edwards  Air  Force  Base  and  responded  to  news  media  queries 
in  coordination  with  the  Office  of  Information,  Air  Force  Flight  Test 
Center,  Edwards  Air  Force  Base,  California. 

4.  In  the  event  an  NSBEO  representative  was  not  available  at 
Edwards  Air  Force  Base,  public  information  questions  not  answerable 

within  the  text  of  previously  released  information  were  referred  to  the 
Director  of  Information,  AFRSTS ,  in  Washington,  D.C.  (A/C  202,  Oxford 
59664  or  Oxford  59665). 
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Annex  B 


PSYCHOLOGICAL  EXPERIMENTS  ON  SONIC  BOOMS 

I  INTRODUCTION 


Most  of  the  energy  in  the  typical  sonic  boom  as  measured  outdoors 
is  in  the  low-frequency  region,  giving  the  boom  an  audible  "thud"  char¬ 
acteristic;  in  addition,  there  are  briefly  present  significant  amounts 
of  energy  at  the  higher  frequencies  due  to  the  abruptness  with  which  the 
the  wavefront  goes  from  ambient  to  peak  positive  pressure  and  returns  to 
ambient  pressure  from  peak  negative  pressure.  This  portion  of  the  boom 
where  the  pressure  is  rapidly  changing  in  intensity  gives  the  boom  a 
sharp  audible  "crack."  For  a  given  change  in  pressure,  the  more  quickly 
(rise  time)  this  pressure  change  takes  place,  the  greater  the  amount  of 
high-frequency  energy  and  the  greater  the  subjective  sharpness  of  the 
"crack.”  If  there  is  sufficient  temporal  separation  between  the  begin¬ 
ning  and  end  portions  (the  duration)  of  the  sonic  boom  and  if  each  of 
the  two  portions  is  of  a  sufficient  intensity,  the  listener  will  hear 
two  cracks  rather  than  the  one  crack  due  to  the  initial  portion  of  the 
wavefront . 

The  way  in  which  the  human  auditory  system  perceives  impulse  sounds 

such  as  the  sonic  boom  has  been  and  is  being  studied  under  laboratory  con-  * 

ditions  at  the  University  of  Southhampton  in  Great  Britain  and  at  the 

Lockheed-Caiifornia  Company  in  the  U.S.A.  It  has  been  found  in  these 
2£* 

studies  that  subjective  intensity  (loudness  or  perceived  noisiness)  of 
a  simulated  outdoor  sonic  boom  pressure  signature  is  to  a  first  approxi¬ 
mation  determined  by  the  frequency  spectrum  ot  the  energy  in  the  booms 
and  can  therefore  be  calculated  or  predicted  from  knowledge  of  this  spec¬ 
trum. 

Although  the  effects  of  the  sonic  boom  upon  people  outdoors  are  of 
considerable  interest,  the  fact  remains  that  people  Indoors  object  as 


•References  are  listed  at  end  of  Annex. 
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much  if  not  more  to  the  effects  of  environmental  noise,  even  though  the 
noise  itself  is  generated  outdoors  and  even  though  the  house  or  building 
structure  attenuates  and  reduces  somewhat  the  intensity  of  the  sound. 

This  is  usually  attributed  to  the  fact  that  people  indoors  demand  and 
have  a  greater  need  for  protection  against  noise  because  their  indoor 
activities  differ  from  their  outdoor  activities  and  perhaps  because  they 
spend  more  time  indoors. 

In  the  case  of^tho  sonic  boom  it  is  possible  that  the  sonic  boon  and 
the  house  will  interact  in  such  a  way  that  the  interference  effects  on 
humans  are  augmented  more  than  are  other  externally  generated  sounds,  the 
reason  being  that  components  of  the  house  structure  are  driven  beyond 
their  usual  response  and  make  the  house  "rattle,"  "creak,"  etc.  In  any 
event,  it  seems  likely  that  the  effects  of  sonic  booms  on  people  indoors 
will  strongly  determine  human  acceptability  of  the  sonic  booms. 

Research  has  been  conducted  previously  on  this  question  and  other 
related  questions  regarding  the  subjective  response  of  people  to  noise 
using  the  so-called  paired -comparison  psychological  tests  in  which  lis¬ 
teners  are  asked  to  express  their  preference  for  one  of  two  sounds  pre¬ 
sented  within  a  brief  period  of  time.1, 3’6, 7’ 8’ 10, 14 ' 16-18, 20-25  ^ 

means  of  the  paired-comparison  tests,  one  should  be  able  to  determine 
the  relative  effectiveness  upon  human  response  of  sonic  booms  that  differ 
with  respect  to  their  duration,  rise  time,  or  other  signature  variations. 
Such  information  could  serve  as  design  criteria  for  the  development  of 
supersonic  aircraft  that  generate  sonic  booms  that  are  the  most  accept¬ 
able  to  people  located  under  or  near  their  flight  tracks. 

Of  more  practical  importance  than  knowing  the  relative  acceptability 
to  people  or  different  types  of  sonic  booms  is  the  question  of  how  accept¬ 
able  these  sonic  booms  will  be  to  people  when  the  booms  are  judged  in  terms 
of  their  adaptability  under  everyday  living  conditions  and  as  a  part  of 
commercial  aviation.  Pa ired -comparison  tests  can  also  serve  as  a  means 
of  indirectly  determining  how  people  might  accept  and  what  they  might  do 
about  sonic  booms  of  various  sorts  when  heard  in  their  homes  and  when  the 
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booms  were  generated  by  commercial  supersonic  aircraft.  This  can  be  done 
by  having  one  of  the  sounds  in  the  parr  be  a  sonic  boom  and  the  other  be 
a  sound  from  commercial  aircraft  for  which  we  know  the  negative  and  posi¬ 
tive  values  people  hold  in  terms  of  political,  legal,  and  social  behavior. 

It  is,  of  course,  to  be  understood  that  the  pa  i  red -comparison  tests, 

particularly  involving  two  sounds  that  differ,  require  some  validation 

before  they  can  be  accepted  with  confidence.  Fortunately,  in  the  present 

case  this  has  been  done  to  some  extent  for  the  sonic  boom  (studies  at 
4  11 

Oklahoma  City  and  France  ),  and  particularly  for  the  noise  from  commer- 

.  .  .  4  9.12,16 

cial  aircraft  near  busy  metropolitan  airports. 

The  precision  with  which  the  relations  between  the  physical  and 
psychological  effects  of  sonic  booms  and  between  sonic  booms  and  the 
noise  from  subsonic  aircraft  can  be  determined  is  limited  by  the  avail¬ 
ability  and  characteristics  of  supersonic  aircraft  for  generating  the  re¬ 
quired  sonic  booms  or  of  equipment  whereby  different  types  of  sonic  booms 
under  laboratory  conditions  could  be  simulated.  At  the  time  the  psycho¬ 
logical  experiments  to  be  reported  were  planned,  simulators  that  could 
generate  sonic  booms  with  complete  fidelity  were  not  available,  although, 
as  aforementioned,  some  tests  have  been  conducted  in  the  laboratory  with 
simulations  of  both  indoor  and  outdoor  sonic  booms. 

With  this  background  Of  information,  the  following  series  of  experi¬ 
ments  using  military  supersonic  and  subsonic  jet  aircraft  were  planned 
for  prosecution  at  Edwards  Air  Force  Base: 

1.  Paired-comparison  tests  and  absolute  ratings  of  the  relative 
acceptability  of  sonic  booms  with  the  flyover  noise  from  su- 
sonlc  jet  aircraft,  the  subjects  being  placed  both  indoors 
and  outdoors  during  the  tests 

Js.  Paired-comparison  tests  and  absolute  ratings  oi  the  relative 
acceptability  of  sonic  booms  from  one  type  of  supersonic  air¬ 
craft  to  sonic  booms  from  a  second  type,  and  of  sonic  booms 
from  the  same  type  of  aircraft  but  flown  under  different 
operational  conditions 


B-U 


3.  An  attitude  survey  oi  the  acceptability  Of  the  sonic  boons 
to  residents  in  a  military  community  habitually  exposed  to 
sonic  booms, 

II  PROCEDURES  FOR  PSYCHOLOGICAL  TESTS 


Subjects  selected  from  residents  oi  the  communities  of  Edwards  Air 
Force  Base,  Fontana,  and  Redlands,  California,  were  assigned  to  the 
various  indoor  and  outdoor  test  sites  at  Edwards  Air  Force  Base  (see 
Table  1).  The  instruction  sheets  and  answer  sheets  were  discussed  with 
the  subjects  by  the  test  monitors.  One  monitor  was  provided  for  about 
30  subjects  in  each  test  room  or  area. 

The  aircraft  sounds  were  presented  in  pairs  with  approximately  one 
to  two  minutes  between  the  members  of  each  pair  and  a  minimum  of  approxi¬ 
mately  four  to  five  minutes  between  pairs.  Each  experimental  test  con¬ 
dition  was  repeated  four  times,  twice  with  sound  A  of  the  pair  given 
iirst  in  the  sequence,  and  twice  with  sound  B  of  the  pair  given  first. 

The  schedule  of  test  missions  and  conditions  for  all  the  paired-comparison 
tests  is  given  in  Appendix  A. 

The  subjects’  main  task  was  to  indicate  on  an  answer  sheet  which 
sound  oi  each  pair  was  the  more  acceptable  if  heard  in  or  near  their 
homes.  They  also  were  required  to  rate  on  a  13-point  scale  the  accept¬ 
ability  of  each  of  the  sonic  booms  or  sounds  heard  on  certain  days.  A 
set  of  the  instructions  to  the  subjects  and  the  answer  sheet  are  in  Ap¬ 
pendix  B. 

Approximately  one  minute  befori  the  first  sound  of  each  pair,  the 
subjects  were  advised  that  a  sound  would  soon  occur.  The  subjects  were 
allowed  to  chat  among  themselves,  knit,  read,  etc.,  but  were  admonished 
not  to  discuss  their  answers  nor  were  they  permitted  to  engage  in  loud 
conversation  during  the  presentation  of  a  pair  ol  sounds.  The  subjects 

♦The  test  houses  at  Edwards  designated  as  E-l,  and  £-2  were  centrally 
air-conditioned  and,  except  tor  one  ol  the  rooms,  the  door  oi  which  was 
kept  »  l used .  tin-  windows  and  exterior  doors  oi  the  house  were  closed  dur¬ 
ing  all  the  tests.  TIu*  masonry  "block  house"  used  for  some  of  the  tests 
was  not  a  ir  -com]  it  lotted,  but  tin*  windows  uud  doors  were  kept  closed. 
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BIOGRAPHICAL  DATA  FOR  THREE  GROUPS: 
EDWARDS,  FONTANA,  REDLANDS 


Edwards  Fontana  Redlands 


Sex  and  Marital  Status 


Single  Male 

1% 

4% 

12% 

Married  Male 

12% 

21% 

28% 

Total  Male 

13% 

25% 

40% 

Single  Female 

3% 

4% 

7% 

Married  Female 

84% 

71% 

53% 

Total  Female 

87% 

75% 

60% 

Male  Occupations 

Air  Force 

79% 

4% 

0% 

Retired 

16% 

25% 

46% 

Other 

5% 

71% 

54% 

Female  Occupations 

Housewife 

94% 

92% 

75% 

Retired 

1% 

0% 

11% 

Other 

5% 

8% 

14% 

Average  Age  (years) 

Male 

36.9 

44.0 

50.8 

Female 

33.7 

38.7 

49.2 

Total 

34.2 

40.0 

49.8 

Education  (Ave.  yrs.  Completed) 

Male 

12.3 

13.1 

13.2 

Female 

11.8 

11.9 

13.1 

Total 

11.8 

12.2 

13.1 

Total  Biography  Cards 

142 

98 

153 
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were  paid  $1.50  per  hour  and  appeared  to  be  highly  mot lv.itcd  and  Inter¬ 
ested  in  the  tests.  The  test  results  indicate  that  the  subjects  were  at¬ 
tentive  end  reliable. 

In  addition  to  the  test  subjects,  data  were  obtained  from  50  percent 
of  the  residences  at  Edwards  Air  Force  Base  regarding  their  ratings  or 
attitudes  on  a  scale  of  the  "acceptability"  of  sonic  booms,  the  noise  from 
subsonic  aircraft,  and  street  noise  at  and  in  their  homes,  this  informa¬ 
tion  was  obtained  by  means  of  a  mail  survey  conducted  after  the  sonic  boom 
test  program  was  completed.  The  instructions  and  questionnaire  used  for 
the  attitude  survey  are  in  Appendix  C. 

Ill  RESULTS 


A.  Boom  vs.  Subsonic  Noise 

Figure  1  shows  a  plot  of  typical  reaults  obtained  from  the  judgment 
tests.  The  intensity  level  at  which  50  percent  of  the  subjects  rated  one 
of  the  sounds  in  Fig.  1  (the  noise  from  the  KC-135  subsonic  jet  aircraft) 
equal  in  acceptability  to  the  other  sound  In  Fig.  1  (the  sonic  boom  from 
the  B-58  at  a  nominal  peak  overpressure  of  either  1.69  or  2.65  psf)  was 
taken  as  the  point  at  which  the  sounds  are  equally  acceptable  to  the  sub¬ 
jects.  Table  2  gives  the  intensity,  in  PNdB,  required  for  the  noise  from 
the  subsonic  jet  aircraft  to  be  judged  equal  in  acceptability  to  the  sonic 
booms;  the  data  in  Table  2  are  taken  from  the  graphs  in  Figs.  1,  2,  3,  4, 
and  5.  Figure  5(a)  is  derived  from  Fig.  5  (see  subsection  B). 

The  vertical  lines  drawn  through  each  data  point  on  Figures  1 
through  5  represent  th  90  percent  probability  ranges  for  the  data 
points;  the  ranges  are  based  on  the  number  of  subjects  involved  and  the 

5 

percentage  value  of  each  point.  The  plotted  pointa  represent  the  aver¬ 
age  percent  of  the  subjects  who  preferred  the  boom  on  each  of  two  boom 
vs.  noise  and  two  noise  vs.  boom  pairs. 

It  is  to  be  noticed  that  some  of  the  data  points  obtained  with  the 
Fontana  and  Redlands  subjects  and  with  the  XB-70  teats  with  Sdwsrds 
subjects  were  auch  that  for  three  conditions  (Fontana  aubjects  listening 
indoors,  Redlands  subjects  listening  outdoors,  and  Sdwsrds  subjects 
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FIG.  I  RESULTS  OF  PAIRED-COMPARISON  JUDGMENTS  OF  SONIC  BOOM  vs.  SUBSONIC  NOISE 
{B-58  nominal  AP  1.69  pil  vs.  KC-135).  The  vortical  bars  mark  the  90%  confidence  limits 
of  plotted  data  points.  Listeners  from  Edwards  AF  Base  -  Phase  I. 
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FIG.  3  RESULTS  OF  PAIRED-COMPARISON  JUDGMENTS  OF  SONIC  BOOM  vs.  SUBSONIC  NOISE 
(B  58  nominal  AP  1.69  p»f  vs.  KC-135).  The  vertical  bors  mark  the  9095  confidence  limits 
of  platted  data  points.  Listeners  from  Edwards  AF  Bose  -  Phase  I. 
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FIG.  5  RESULTS  OF  PAIRED-COMPARISON  JUDGMENTS  OF  SONIC  BOOM  vs.  SUBSONIC  NOISE 
(B— 58  nominal  \P  1.69  psf  vs.  KC-135).  The  verticol  bars  mark  the  90%  confidence  limits 
of  plotted  data  points.  Listeners  from  Edwards  AF  Base  —  Phase  I. 
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and  p  is*  0.0002  ~bar  CO. 1)002  dyne/cm2),  and  p.  is  peak  overpressure  in  bars  Cor  dynes/cm* 
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Mrdian  <Xi>  :  where  is  the  median  ol  5  microphone  measurements  for  the  ith  mission,  and  X  is  number  of  mission 


this  B-58  flight  condition  are  lor  the  sane  missions 


listening  outdoors  to  XB-70  tests)  it  was  necessary  to  extrapolate  a 
curve  beyond  a  data  point  for  the  curve  to  cross  the  50-percent  line  fro® 
tl.e  ordinate. 

In  the  case  of  the  Fontana  subjects,  the  reason  lor  this  problem  was 
that  the  intensity  levels  of  the  noises  to  be  judged  against  the  sonic 
boom  from  the  B-58  were  planned  on  the  basis  of  some  of  the  results  ob¬ 
tained  with  the  Edwards  subjects.  As  it  turned  out,  the  Fontana  subjects 
iound  the  boom  so  much  more  unacceptable,  relative  to  the  aircraft  noise, 
than  had  the  Edwards  subjects  that  the  data  points  for  the  indoor  lis¬ 
teners  were  somewhat  lower  than  desired.  Until  all  the  physical  data  are 
available  for  the  sonic  booms,  it  is  not  possible  to  deduce  whether  the 
irregularity  of  the  data  for  the  Redlands  outdoor  listeners  is  due  to 
inconsistencies  ir.  the  subjects  for  some  of  the  tests  or  due  to  devi¬ 
ations  of  booms  from  planned,  nominal  intensities. 

The  number  of  flights  available  from  the  XB-70  aircraft  and  the  fre¬ 
quency  with  which  the  aircraft  could  be  operated  (about  one  flight  per 
week)  made  it  impractical  to  perform  as  many  tests  with  the  XB-70  as  with 
the  B-58  and  F-104  aircraft.  Accordingly,  the  XB-70  was  operated  to  pro¬ 
vide  four  booms  at  an  intensity  (nominal  1.38  psf)  that  was  estimated,  on 
the  basis  of  the  other  judgment  tests,  to  be  about  as  equally  acceptable 

when  heard  indoors  as  the  noise  from  the  subsonic  aircraft  at  about 
* 

110  PNdB.  The  extrapolation  required  Of  the  data  for  the  outdoor  lis¬ 
teners  was  based  on  the  general  shape  of  the  curves  drawn  in  Figs,  1-5. 

By  this  means  it  was  possible  to  obtain  comparative  results  of  the  accept¬ 
ability,  relative  to  the  noise  from  the  subsonic  aircraft, of  the  booms  from 
the  F -104,  B-58,  and  XB-70  with  a  minimum  number  of  flightc  required  oi 
the  XB-70  aircraft.  To  achieve  this  nominal  boom  intensity  from  the  XB-70, 
it  was  necessary  that  its  flight  track  be  offset  from  the  normal  trick  by 
13  miles. 

•PNdB  is  a  unit  for  expressing  the  perceived  noise  level  of  a  sound,  * 

It  ix  standard  practice  to  measure  the  found  irQm  subsonic  aircraft  in 
terms  of  perceived  noise  level  in  PWB.  PNdBs  are  determined  from 

octave  or  one-third  octave  band  sound  pressure  levels  msde  of  a  noise. 

In  this  report  the  PSd'l  values  are  the  peak  levels  reached  by  the  noise 
when  the  aircraft  flew  over  the  test  site. 
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The  nominal  peak  overpressures  were  calculated  by  NASA.  The  PNdB 
values  for  the  noise  from  the  subsonic  aircraft  were  determined  from  spec¬ 
tral  analyses  of  recordings  made  outdoors  at  the  test  site.  Figure  6  gives 
the  measured  PNdB  levels  as  a  function  of  altitude  for  a  number  of  flights 
of  the  subsonic  aircraft.  Additional  analysis  and  calculations  will  be 
performed  on  the  noise  from  the  subsonic  aircraft  for  purposes  of  cor¬ 
relation  with  the  results  of  the  judgment  lests.  It  is  to  be  noted,  how¬ 
ever,  that  the  noise  from  a  given  subsonic  aircraft  flying  at  a  given 
altitude  and  power  setting  does  not  show  as  much  variation  for  repeated 
flights  (a  median  deviation  of  less  than  1.0  dB)  as  do  the  booms  from  re¬ 
peated  flights  oi  a  given  supersonic  aircraft  flying  at  a  given  altitude, 
Mach,  and  weight  (a  median  deviation  of  about  1,5  dB) . 

1.  Relative  Acceptability  of  Booms  of  Different  Intensities 

Figure  1  and  Table  2  indicate  that  for  indoor  listening  the  noise 
from  a  subsonic  aircraft  (KC-135)  at  a  level  of  109  PNdB  was  about  equally 
preferred  to  a  sonic  boom  of  a  nominal  1.69  psf  from  a  B-58.  The  results 
were  about  the  same  when  the  subsonic  aircraft  was  operated  with  partial 
takeoff  or  landing  engine  power  settings.  It  is  interesting  to  note  that 
for  indoor  listening  when  the  nominal  sonic  boon  overpressure  was  increased 


♦The  theory  used  herein  for  the  calculation  of  the  nominal  peak  overpres¬ 
sures  takes  into  account,  relative  to  the  generation  and  propagation  of 
sonic  booms,  the  volume  and  lift  components  oi  the  aircraft,  temperature, 
pressure,  and  density  changes  in  the  atmosphere  which  have  some  influ¬ 
ence  on  boom  propagation  along  the  boom  path,  and  effects  of  near-field 
signature  characteristics.  The  theory  used  herein  is  the  one  used,  by 
and  large,  by  the  National  Aeronautics  and  Space  Administration  (NASA) 
in  calculating  sonic  booms  given  in  most  NASA  reports  subsequent  to 
July  1966.  In  some  previous  progress  reports  on  sonic  boom  research  by 
Stanford  Research  Institute,  and  SST  Design  Objectives  of  the  Federal 
Aviation  Agency,  the  effects  of  temperature  and  some  pressure  changes 
(important  only  to  supersonic  flights  below,  usually,  35,000  ft  or  so) 
were  not  Included  in  the  calculation  of  nominal  peak  overpressures.  The 
net  effect  Is  that  for  sonic  booms  from  supersonic  aircraft  above  35,000  fl 
or  so,  the  nominal  peak  overpressures,  according  to  latest  theory  (which 
agree  best  with  actual  measured  peak  overpressures)  are  about  12%  higher 
than  was  previously  predicted:  *■*'!>  aircraft  below  about  35,000  ft  (at 
least  as  found  with  the  F-104),  Inc  new  predicted  overpressures  are  about 
20%  less  (which  also  agrees  best  with  actual  measured  overpressures)  than 
those  found  with  calculation  procedures  used  previously  for  this  purpose. 
These  observations  are  based  on  the  results  of  the  tests  conducted  at 
Oklahoma  City  and  Edwards  Air  Force  Base  (personal  communication  with 
Dominic  Maglieri,  NASA,  banglev  Field,  Hampton.  Virginia). 
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FIG.  6  ALTITUDE  PLOTTED  AGAINST  MEASURED  PEAK 
PNdB  FOR  WC-135B  {Takeoff  EPR  1.76)  AND 
KC-135  (Tok«eff  EPR  2.35).  Meaiurementi  obtained 
during  Photo  I  and  Photo  II. 
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to  2.65  psf,  the  PNdB  level  of  the  noise  from  the  KC-135  had  to  be  ap¬ 
proximately  117  PXdU  to  be  judged  as  equally  acceptable  as  the  boom.  This 
result  would  perhaps  not  be  expected  inasmuch  as  increasing  the  overpres¬ 
sure  from  1.69  to  2.65  psf  represents  only  a  J-dB  increase  in  physical 
intensity,  whereas,  as  judged  against  the  noise  from  the  KC-135,  there 
appeared  to  be  an  effective  increase  in  subjective  noisiness  ol  about 
8  PNdB.  Likewise,  for  indoor  listening  an  overall  increase  of  about  12  dB 
in  the  physical  intensity  of  the  boom  from  the  F-101  (from  0.75  psf  to 
2.8  psf)  required  an  increase  of  19  PNdB  in  the  aircraft  noise  to  maintain 
equal  acceptability  of  the  two  sounds. 

These  results  would  imply  that  the  subjective  object ionablcness  or 
noisiness  of  a  sonic  boom  increases  at  a  greater  rate  than  does  the  noisi¬ 
ness  of  the  sound  from  a  subsonic  jet  aircra't  when  ♦he  intensity  of  the 
two  sounds  is  increased  by  an  equal  amount.  Broadbent  and  Robinson,7 
using  a  magnetic  tape  recording  (played  back  via  loudspeakers)  made  in¬ 
side  a  structure  overflown  by  a  supersonic  aircraft,  found  a  somewhat 
similar  but  less  dramatic  difference  between  the  growth  (as  a  function 
of  their  intensities)  of  the  unacceptabilltv  of  sonic  boons  and  aircraft 
noise. 

2  .  Indoor  vs.  Outdoor  Listening  -  Relative  Judgments 

It  is  clear  that  the  boom  heard  outdoors  is  more  acceptable  relative 
to  the  noise  of  the  subsonic  jet  aircraft  (by  an  amount  equivalent  to 
about  5  PNdB)  than  when  the  two  sounds  arc  heard  Indoors.  That  the  re- 
suits  between  the  relative  Judgments  indoors  and  outdoors  should  be  even 
this  similar  is  perhaps  fortuitous  in  that  the  nature  of  the  two  sounds 
is  so  different  outdoors  and  because  the  sounds,  due  to  attenuation  by 
the  house  and  vibrations  present  Indoors,  further  differ  from  thetr  out¬ 
door  counterparts.  Apparently,  however,  the  secondary  sounds  or  "rattles" 
introduced  by  the  nonlinear  response  of  components  of  the  house  to  the 
boom  contribute  substantially  to  the  subjective  unacceptobllity  of  the 

boom  heard  indoors.  In  a  later  report,  when  the  physical  data  are  more 
fully  analyzed,  the  exact  physical  stimulus  present  nt  the  listeners' 
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fars  will  In?  correlated  with  the  subjective  rating  data. 

It  might  be  noted  that  in  a  previous  laboratory  test  by  Pearsons  and 
,J3 

Kryter“  of  the  relative  acceptability  of  recorded  subsonic  aircraft  noise 
and  a  simulated  "indoor”  boom,  a  boom  which  measured  1.69  psf  outdoors  was 
judged  to  be  equal  to  the  noise  of  a  subsonic  jet  at  113  PNdB  measured 
outdoors,  Broadbent  and  Robinson,  using,  as  aforementioned,  a  sonic  boom 
and  aircraft  noise  recorded  indoors  and  played  back  over  loudspeakers  to 
listeners,  found  a  1.69  psf  boom  to  be  judged  as  equally  acceptable  as 
an  aircraft  noise  of  about  107  to  113  PNdB.  These  results,  we  believe, 
compare  well  with  109-112  PNdB  noise  and  nominal  1,69  psf  booms  found  in 
the  present  study  with  actual  aircraft  to  be  equal  subjectively  when 
heard  indoors, 

3.  Indoor  vs.  Outdoor  Listening  -  Rating  Scale 

The  scores  on  the  acceptability  rating  scales  (see  Table  3)  demon¬ 
strate  that  the  booms  heard  indoors  were  on  the  average  slightly  more 
acceptable  than  the  same  booms  as  heard  by  the  subjects  outdoors — about 
31  percent  of  the  indoor  subjects  rated  the  booms  as  unacceptable  when 
about  47  percent  of  the  outdoor  subjects  rated  the  same  booms  as  unac¬ 
ceptable.  The  noise  of  the  subsonic  jet  was  also  rated  more  acceptable 
indoors  than  it  was  when  heard  outdoors,  but  by  a  slightly  larger  amount-- 
41  percent  vs.  23  percent.  Inasmuch  as  the  house  structure  should  at- 
tenuate  the  aircraft  noise  by  an  average  of  IS  to  20  dB  and  the  sonic 
boom  by  5  to  10  dB  or  so  (the  major  energy  in  the  boom  is  at  lower  fre¬ 
quencies  where  the  attenuation  of  the  sound  by  the  houBe  is  less  then  it 
Is  lor  the  frequency  region  occupied  by  the  aircraft  noise),  It  might  be 
expected  on  first  thought  that  the  booms  end  noise  would  be  much  more 
acceptable  indoors  than  outdoors. 

The  relatively  mil  Improvement  in  the  acceptability  of  the  booms, 

bv  virtue  ot  the  listeners  being  indoors  and  therefore  somewhat  sheltered 

from  the  noise,  has  been  found  to  be  true  in  previous  studies  of  roed 

3  6  9  22 

trail ic  and  aircraft  noise.  ’  *  * 
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•Th«  ratine*  are  only  for  the  first  aircraft  of  a  pair 
••Used  in  Rinse  I  only. 


1 .  Comparisons  Among  Subjects  free  Different  Coaeunttles 


Table  2  shows  tluit  the  subjects  fro*  Redlands  and  Fontana  judged 
the  sonic  boom  Iron  the  B-58  relative  to  the  subsonic  aircraft  noise  In 
aiueh  the  same  way— a  noise  of  118-119  PNdB  was  Judged  equal  to  the  boom 
at  1.69  psf  when  heard  Indoors  and  to  I08-U1  R<dB  when  heard  outdoors. 
Thus  to  tt  -«•  "'.inject s  the  boom  was  much  less  acceptable  than  It  was  to 
the  subjects  from  Edwards  Air  Force  Base— equivalent  to  a  10  PNdB  change 
In  the  noise  from  the  subsonic  aircraft  when  heard  Indoors  and  about 
5  PNdB  when  heard  outdoors.  The  difference  between  the  judgments  of  the 
subjects  from  Edwards  Air  Force  Base  and  those  from  the  relatively  "quiet" 
communities  of  Fontana  and  Redlands  Is  Illustrated  by  the  extrapolated 
curves  In  Fig.  7.  Also.  Table  3(a)  shows  that  on  the  average  the  sub¬ 
jects  from  Fontana  and  Redlands,  combined,  rated  on  the  acceptability 
scale  the  aircrult  noise  and  particularly  the  sonic  booms  as  being  more 
unacceptable  than  did  the  subjects  Iron  EC.irds  Air  Force  Base  for  com¬ 
parable  booms  and  noises. 

An  aircraft  noise  survey  showed  'hat  the  median  peak  level  ol  air- 
trjlt  noise  in  typical  residential  nelghboi hoods  in  Hcdlands  was  about 
?:>  PNdB  (maximum  peak  level  of  about  93  PNdB),  and  in  Fontana  about  85  PNdB 
(maximum  peak  level  ul  about  100  PNdB).  also,  these  communities  were  not 
under  or  near  usual  lllght  tracks  lor  supersonic  military  alrc-aft  in¬ 
volved  in  training  or  test  atissiuns. 

An  atreralt  noise  survey  of  the  residential  urea  of  Edwards  Air 
Force  ikise  revealed  that  subsonic  aircraft  notse  reached  occasional  peak 
levels  ol  110  PN«IB .  this  area,  however,  was  subletted  to  about  4-8  booms 
per  day  lur  the  paat  three  years  at  a  median  nominal  peak  overpressure 
of  1.2  pst  (see  Table  -I  and  Ftg.  8).  The  sub i.'Ct s  had  lived  on  Edwards 
Air  Force  Ifcsc  an  average  ol  two  years. 

It  Is  to  he  noted  on  Table  1  that  thv  sublet  Is  Ivum  Redlands  and 
Funtana  were,  on  thv  average,  somewhat  older  than  those  from  Edwards  Air 
Force  hase.  As  a  check  on  the  important e  o!  age  to  the  relative  judgment 
ol  the  sonic  boom  vs.  the  aircraft  noise,  the  data  were  divided  for  the 
ttedtands  subjects  into  t%u  por'«— those  for  the  subjects  above  the  median 
age.  and  those  lor  the  subjects  below  1  is*  median  age.  It  was  found  that 
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FIG.  7  RESULTS  OF  PAIRED-COMPARISON  JUDGMENTS  FOR  SUBJECTS  FROM  DIFFERENT 
COMMUNITIES.  Data  obtained  from  Teblo  2. 
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PERCENTAGE  OF  PERSONS  WHO  RATED  SON 
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Table  4 

USE  OF  EDWARDS  AIR  FORCE  BASE  SUPERSONIC  CORRIDOR 


Number  of 

Sonic 

Booms 

1963 

-1966 

MOUTH 

1963 

_1964 

1965 

1966 

January 

— 

161 

126 

193 

February 

4 

110 

102 

165 

March 

11 

140 

97 

287 

April 

106 

162 

48 

257 

May 

190 

104 

109 

107 

June 

139 

137 

86 

289 

July 

179 

82 

107 

August 

142 

58 

78 

September 

149 

54 

203 

October 

125 

60 

176 

November 

108 

65 

41 

December 

143 

56 

143 

Total: 

1296 

1189 

1316 

1298 

Daily  Average: 

3.9 

3. 

3  3.6 

7.2 
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FtG.  a  HISTOGRAM  OF  NUMBER  OF  SUPERSONIC  FLIGHTS  OVER  EDWARDS  AF  BASE 
PLOTTED  AGAINST  THE  NOMINAL  PEAK  OVERPRESSURES  OF  THE  BOOMS 
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the  results  ier  these  two  subgroups  of  subjects  agreed  with<o  I  PNdB  of 
the  findings  for  the  total  group  (see  Table  5).  Table  6  shows  that  age 
and  sex  were  not  consistently  related  to  the  acceptability  rating  scores 
given  to  sonic  booms  and  the  noise  from  subsonic  aircraft. 

It  is  presumed  that  the  lesser  acceptability  of  sonic  booms  to  the 
subjects  from  Fontana  and  Redlands  than  to  the  subjects  from  Edwards  Air 
Force  Base  may  be  due  to  the  "adaptation"  to  the  sonic  booms  enjoyed  by 
the  Edwards  subjects  as  the  result  of  an  average  of  two  year's  previous 
exposure  to  sonic  booms.  It  was  also  found,  as  will  be  described  more 
lully  later,  that  the  residents  of  Edwards  Air  Force  Base,  in  reply  to 
an  attitude  survey,  in  general  believed  that  their  exposure  to  sonic  boons 
at  Edwards  made  them  more  tolerant  oi  the  boom. 

B.  Sonl^  Booms  vs.  Sonic  Booms 

A  number  of  tests  were  conducted  in  which  the  subjects  judged  the 
relative  acceptability  of  sonic  booms  from  different  supersonic  aircraft 
or  from  the  same  type  of  supersonic  aircraft  flying  in  accordance  with 
different  or  the  same  operational  procedures.  The  results  of  these  tests 
are  given  in  Fig.  9  and  9(a).  These  tests  do  not  show  any  consistent 
differences  in  the  acceptability  of  one  type  of  sonic  boom  vs.  another 
type  of  those  tested. 

Of  particular  interest  is  the  rate  at  which  the  percent  preference 
score  changed  as  a  function  of  a  change  in  peak  overpressure.  Figures  9 
and  9(a)  show  that  a  change  of  1.5  dB  (about  0,25  psf  at  a  boom  intensity 
of  1,69  psf  for  people  indoors  and  1.0  dB  for  people  outdoors)  can  cause 
an  increase  of  about  12,5  percentage  points  in  the  number  of  people  who 
judge  the  more  intense  boom  to  be  less  acceptable.  This  finding  Indicates 
that  the  subjective  unacceptability  of  the  sonic  boom  increases  at  a  rel¬ 
atively  rapid  rate  as  its  intensity  level  is  increased,  and  at  a  somewhat 
more  rapid  rate  for  listeners  outdoors  compared  with  listeners  Indoors. 

It  was  noted  before  that  the  rate  of  growth  of  unacceptabillty  of  the 
sonic  boom  appears  to  be  greater  than  is  the  growth  of  unacceptability  of 
the  noise  from  subsonic  aircraft  (a  6-dB  increase  in  the  intensity  of  the 
sonic  boom  was  found  to  be  equivalent  to  a  10-PNdB  increase  in  the  level 
of  a  noise  from  a  subsonic  aircraft  of  equal  acceptability). 
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Table  5 


PERCENTAGE  OF  REMANDS  SUBJECTS  (INDOOR  LISTENERS)  WHO  PREFER 
BOOM  (B-58  OF  1.69  PSF  NOMINAL  PEAK  CT/ER PRESSURE ) 


Peak 

PNdB  of  WC-135B 

Age  Less  than  SO  Yrs. 
(Median  38  Years) 

Age  Greater  than  or 
Equal  to  50  Years 
(Median  65  Years) 

103 

9% 

26% 

110 

17 

27 

120 

58 

53 

119 

50 

— 

119 

— 

SO 
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C .  Balings  of  Sonic  Boons 

Comparisons  can  be  Bade  between  the  sonic  booms  from  the  F-104,  B-58, 
and  XB-70  aircraft  oh  the  basis  of  the  scores  obtained  on  the  absolute 
rating  scale.  Figure  10  shows  the  results  obtained  fron  the  ratings  given 
to  sonic  booms  of  different  nominal  peak  overpressures  from  the  various 
aircraft  when  the  particular  booms  occurred  first  in  a  pair  for  a  given 
mission.  (It  was  necessary  to  use  only  the  results  from  the  given  posi¬ 
tion  in  a  pair  in  order  to  avoid  any  biases  due  to  the  order  in  which  the 
sounds  were  presented  to  the  subjects.)  On  this  measure  the  difference 
in  the  unacceptability  of  the  booms  from  the  various  aircraft  is  rather 
small,  if  at  all  present.  However,  Figures  10  and  10(a)  show  that  the 
sonic  boom,  when  heard  indoors,  was  somewhat  more  acceptable  than  it  was 
when  heard  outdoors, 

D.  Subsonic  Noise  vs.  Subsonic  Noise 

The  KC-135  aircraft  is  powered  by  nonnoise-suppressed  turbojet 
engines,  whereas  modern-day  commercial  jet  transports  are  equipped  with 
either  noise-suppressed  turbojet  or  fanjet  engines.  Inasmuch  as  one  of 
the  purposes  of  the  tests  was  to  be  able  to  relate  the  acceptability  of 
sonic  booms  to  the  noise  heard  in  communities  near  commercial  airports, 
a  series  of  tests  were  conducted  in  which  the  subjects  judged  the  noise 
of  a  KC-135  to  the  noise  from  a  WC-135B  aircraft,  the  latter  being  equip¬ 
ped  with  fanjet  engines.  The  results  are  shown  in  Fig.  11,  These  figures 
illustrate  the  PNdB  values  and  approximate  altitudes  required  for  the 
KC-135B  when  operated  at  either  partial  takeoff  or  landing  power  setting 
to  be  judged  equally  as  acceptable  as  the  noise  from  a  KC-13S  operated 
either  at  partial  takeoff  power  and  an  altitude  of  3000  feet,  or  at  land¬ 
ing  power  and  an  altitude  of  BOO  feet.  It  is  of  interest  to  note  that, 
at  least  for  indoor  listening  when  the  WC-135B  fanjet  had  the  same  PSdB 
value  measured  outdoors  as  the  noise  from  the  XC-13S,  the  two  noises  were 
judged  to  be  equally  acceptable  or  equally  noisy. 

The  noises  irum  the  flights  of  the  KC-135  at  takeoff  power  that  were 
paired  with  the  noises  irom  the  KC-1U5B  at  landing  power  averaged  113.0 
PKdB,  whereas  those  paired  with  the  WC-135B  at  takeoff  power  averaged 
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FIG.  10(a)  PERCENT  OF  PEOPLE  WHO  RATED  AS  UNACCEPTABLE  SONIC  BOOMS  FROM  XB-70. 
F-104,  AND  B”58  AIRCRAFT.  Listeners  from  Edwards  AF  Base. 
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Ill, 5  PNdB.  This  d  i  1  ference  bet  »cun  the  average  PNdB  values  tor  the 
KC-135  «us  probably  due  to  variations  in  power  or  altitude  tor  the  par¬ 
ticular  flights  involved.  For  the  tlights  of  the  KC-135  operating  with 
landing  power,  the  perceived  noise  level  ol  the  KC-135  averaged  103,5  PNdB 
when  paired  with  the  WC-135B  operating  with  partial  takeoff  power  and 
also  when  paired  with  the  KC-135B  operating  with  landing  power. 

The  outdoor  listeners  consistently  judged  the  i'unjet  UC-135B  oper¬ 
ating  at  landing  power  (EPK  1,3)  to  be  ubout  4  PNdB  less  acceptable  than 

the  WC-135B  operating  at  partial  takeoff  power  (EPR  1,76).  One  possible 
explanation  is  that  the  increase  in  the  pure-tone  whine  when  the  power 
setting  is  reduced  Irons  takeoll  to  landing  perhaps  caused  an  increase  in 
the  subjective  noisiness  of  the  sound  of  the  landing  power  condition  that 
is  not  adequately  evaluated  by  the  PNdB  as  calculated. 

It  is  also  ol  interest  to  note  the  rate  of  change  of  the  unaccept¬ 
ability  of  the  noise  fron  the  subsonic  a  i  remit  as  a  function  of  its 
intensity  in  PNdB  as  revealed  through  the  judgments  made  of  aircraft 
noise  vs.  aircraft  noise.  Figure  11  shows  that  about  a  2-dB  increase  in 
level  near  the  50-percent  point  causes  an  increase  of  about  12.5  percent¬ 
age  points  in  the  number  of  people  who  rate  the  more  intense  noise  as  being 
■ore  unacceptable,  whereas,  as  mentioned  above,  a  1-dB  increase  in  in¬ 
tensity  of  a  sonic  boom  will  cause  an  increase  of  ubout  12,5-percentage 
points  in  the  numliet-  of  people  who  rati'  the  more  Intense  boom  as  being 
more  unacceptable . 

E.  Criterion  ot  Jilgni I  leant  Piffe retire  be t ween  Bourn  and  Noise 

Conditions 

It  is  perhups  i.oi  unreasonable  to  suggest  that  a  dificrcnce  of  12,5 
percentage  points  (irom  alT,  to  62 . ,V, )  in  the  number  of  people  who  rate 
one  boom  to  he  relatively  more  unaeeeptable  than  another  boom  or  one 
subsonic  atreratt  noise  to  be  relatively  more  unacceptable  than  another 
noise  is  ol  practical  significance.  I'sing  this  criterion  it  follows 
from  Figs,  1  through  i  tnut  on  the  average  two  noises  that  differ  by 
about  1  PNdB  when  heard  indoors.  2  PNdB  outdoors,  would  be  significantly 
different  when  ittdged  ugainM  ,<  sonic  bourn  of  a  nominal  peak  overpressure 
of  about  1 ,6!»  p^i . 
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The  curves  on  Fig.  5  are  replotted  on  Fig.  5(a)  to  show  the  relation 
between  percent  of  people  who  preferred  the  noise  at  a  given  intensity  as 
a  function  of  the  intensity  of  the  sonic  boon.  It  is  seen  in  Fig.  5(a) 
that  on  the  average  an  increase  of  about  2  dB  when  heard  indoors  and  1  dB 
when  heard  outdoors  in  boom  intensity  would  cause  a  change  from  50%  to 
62.5%  of  the  people  who  preferred  the  aircraft  noise. 

These  results — a  significant  difference  when  booms  were  judged  against 
aircraft  noise  for  indoor  listening  was  found  with  a  4  PNdB  change  in  air¬ 
craft  noise  or  a  2  dB  change  in  boom  intensity-follow,  of  course,  from  the 
aforementioned  greater  growth  of  unacceptability  ratings  of  booms  than  of 
aircraft  noise  as  a  function  of  their  intensity.  However,  it  is  seen  in 
Figs.  9  and  11  that  the  subjects  indoors  judged  aircraft  noise  vs.  air¬ 
craft  noise  and  booms  vs.  booms  as  being  significantly  different,  accord¬ 
ing  to  the  criterion  specified  above,  when  they  differed  in  intensity  by 
2  PNdB  and  1  dB,  respectively.  This  increased  precision  in  the  relative 
judgments  when  the  subjects  judged  aircraft  noise  vs.  aircraft  noise  and 
booms  vs.  booms  rather  than  aircraft  noise  vs.  booms  is  to  be  expected 
from  the  fact  that  the  accuracy  and  consistency  of  the  relative  Judgments 
of  some  subjective  attribute  of  two  sounds  are  greater  when  the  two  sounds 
are  similar  than  when  they  are  dissimilar.17 

Because  of  the  nature  of  the  paired-comparison  test  and  the  rather 
small  number  of  repetitions  of  each  test  condition,  probability  statistics, 
other  than  those  shown  in  Figs.  1  through  5,  cannot  be  readily  applied  to 
the  data  at  hand.  However,  in  Appendix  B-4  an  analysis  is  made  of  the 
variability  present  in  these  tests. 

F.  Differences  in  Responses  of  Subjects  in  Different  Test  Rooms  on 

Vibration  Isolation  Bids  ~~ 

Comparisons  between  the  average  subjective  ratings  made  by  lis¬ 
teners  outdoors,  in  different  houses,  and  in  different  rooms  of  the  one- 
story  and  two-story  "midwest"  test  houses,  can  be  made  by  reference  to 
Table  3.  In  Table  3  the  percentage  is  given  of  the  people  in  the  respec¬ 
tive  groups  who  rated  the  booms  and  the  noise  from  subsonic  aircraft  as 
being  unacceptable  (less  than  "just  acceptable"). 


B-4  5 


Figures  12  and  13  show  histogram  distributions  of  ratings  assigned 
by  subjects  in  the  various  test  locations  for  B-58  booms  having  a  nominal 
overpressure  of  1,69  psf  and  2,65  psf,  respectively. 

Table  3  shows  that  there  were  no  clear-cut  differences  among  the 
averages  for  the  Edwards  Air  Force  Base  house  built  of  cement  block,  the 
two  special  frame  houses,  and  for  the  listener  group  located  out  of  doors. 
However,  it  would  appear  from  Table  3  that  either  the  subjects  or  the 
acoustic-vibration  stimulation  differed  significantly  among  some  of  the 
individual  rooms  in  houses  "E-l"  tthe  one-story  frame  house)  and  "E-2" 

(the  two-story  frame  house).  It  is  possible,  of  course,  that  the 
subgroups,  by  room,  of  the  subjects  differed  significantly  in  their 
sensitivity  to  noise  and  sonic  booms.  In  view  of  the  relative  unimpor¬ 
tance  of  this  possibility  to  the  overall  results  and  of  the  need  for  the 
most  efficient  use  of  the  aircraft  and  test  facilities  to  meet  the  ob¬ 
jective  of  the  experiments,  it  was  not  deemed  advisable  to  "rotate" 
systematically  all  the  subjects  among  the  various  test  roams  to  find  out 
if  the  subgroups  of  subjects  would  respond  similarly  when  in  exactly 
similar  noise-vibration  environments. 

Examination  of  the  data  in  Table  3  reveals  that  the  subjects  in  some 
rooms  rated  the  boom  and  the  noise  from  the  subsonic  aircraft  as  being 
less  acceptable  than  did  the  subjects  in  other  roams.  Some  rooms  that 
achieved,  on  the  average,  the  worst  ratings  for  booms  were  not  necessarily 
the  rooms  in  which  the  subjects  gave  the  worst  ratings  to  the  noise  from 
subsonic  aircraft.  Although  the  subjects  were  randomly  assigned  to  the 
chair  locations  at  the  beginning  of  the  tests,  they  kept,  except  for  cer¬ 
tain  special  tests,  the  same  position  throughout  the  tests.  Accordingly, 
it  is  possible  that  some  of  the  difference  between  ratings  among  the 
different  groups  ot  subjects  by  their  locution  could  be  due  to  inherent 
differences  in  the  sensitivity  of  the  two  groups  to  sounds. 

As  a  check  on  this  possibility,  subjects  from  one  of  the  rooms  that 
on  the  average  guve  the  least  acceptable  ratings  and  subjects  from  one 
of  the  rooms  that  gave  the  most  acceptable  ratings  exchanged  their  loca¬ 
tions  for  a  series  ot  ft-  missions.  The  results  given  in  Fig,  1*1  indicate 
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FIG.  13  DISTRIBUTION  OF  ACCEPTABILITY  RATINGS  BY  LOCATION  —  PHASE  II.  L.*t*n«r* 
from  Edward*  AF  Bat*. 
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NORMAL  LOCATION 

FAVORABLE  ROOM 

UNFAVORABLE  ROOM 

NET 

CHANGE 
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FAVORABLE  ROOM 
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PNdB 
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2 

unfavorable  ROOM 

121.5 

PNdB 

122.5 

PNdB 

Average 

117.5 

PNdB 

122 
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FIG.  14  RESULTS  OF  PAIRED-COMPARISQN  JUDGMENTS  SHOWING  HOW  JUDGMENTS 
CHANGED  FOR  THE  SAME  SUBJECTS  WHEN  MOVED  TO  DIFFERENT  ROOMS 
Data  are  Peak  PNdB  levels  of  subtonic  aircraft  noito  judged  to  be  at  acceptable  at 
B~58  boom  of  2.33  ptf  nominal  peak  overpressure.  Listeners  from  Edwards  AF  Base. 
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that  at  least  some  of  the  differences  among  the  ratings  given  in  the  test 
rooms  were  indeed  due  to  room  and  not  subject  differences. 

When  all  the  physical  data  are  available,  it  is  planned  to  correlate 
the  average  subject  responses  obtained  with  the  acoustical -vibrational 
environment  as  determined  from  the  various  microphones  and  gauges  present 
in  the  test  structures.  Positive  correlation,  if  found,  would  presum¬ 
ably  indicate  that  the  differences  in  the  physical  environment  are  re¬ 
sponsible  for  the  measured  differences  in  the  subjective  responses  pre¬ 
sent  in  the  different  rooms. 

From  a  practical  point  of  view,  it  is  the  ratings  taken  over  all 
types  of  houses  and  listening  conditions  that  are  important  in  evalu¬ 
ating  the  reaction  of  people  in  homes  to  sonic  booms  and  to  the  noise 
from  subsonic  aircraft.  It  is  to  be  expected  in  real  life  that  not  only 
will  people  and  given  rooms  in  houses  differ  in  their  responses  to  sonic 
boons  and  noise  from  subsonic  aircraft,  but  also  that  the  interaction 
between  these  sounds  and  given  roans  or  structures  will  differ,  depending 
on  the  angle  of  incidence  of  the  sounds  with  the  structure. 

1.  Vibration  Isolation 

For  one  series  of  16  missions  about  half  the  subjects  in  houses  E-l 
and  E-2  and  about  half  the  subjects  outdoors  sat  on  chairs  placed  on  a 
piece  of  plywood  that  was  isolated  from  the  ground  or  the  floor  by  an 
air-inflated  pad  1-12  inches  in  diameter  (the  floors  were  carpeted  in 
all  rooms  but  the  kitchen,  where  the  flooring  was  covered  with  vinyl 
tile).  Each  subject  sat  on  a  vibration-isolated  chair  during  half  the 
tests,  Bnd  on  a  normal,  nonvibration-isolated  chair  during  the  other 
half. 

Figure  15  shows  that  the  vibration  isolation  had  no  significant  ef¬ 
fects  on  the  ratings  given  to  the  booms  or  the  aircraft  noise,  although 
there  is  a  slight  statistically  insignificant  improvement  in  the  accept¬ 
ability  of  the  boom  when  the  subjects  were  indoors  and  on  the  vibration- 
isolation  pads.  This  finding  is  perhaps  somewhat  unexpected  because  in 
many  locations  within  the  house  the  subjects  and  the  experimenter  could 
"feel"  tile  floor  shake  when  the  house  was  subjected  to  sonic  booms;  at 
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FIG.  15  RESULTS  OF  PAIRED-COMPARISON  JUDGMENTS  SHOWING  INSIGNIFICANT 

ISOLATION  EFFECTS.  Data  or*  Poak  PNdB  lovols  of  subsonic  aircraft  noiso  judged  to  bo 
as  accoptabl*  as  B~58  boom  of  2.33  psf  nominal  poak  ovorprossur*. 
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the  same  time,  however,  they  could  hear  the  sounds  made  in  the  house  as 
the  result  of  its  being  vibrated  by  the  boom.  It  would  appear  that  the 
auditory  component  was  nearly  as  or  perhaps  slightly  more  effective 
than  the  actual  vibrations  as  felt  by  the  subjects  in  determining  their 
response  to  the  sonic  booms  and  noise  from  the  subsonic  aircraft. 

2.  House  Loading 

When  all  the  subjects  (62)  were  in  place,  more  than  the  normal 
number  of  persons  (three  to  six)  were  present  in  the  test  houses.  To 
test  whether  the  weight  of  62  people  so  loaded  the  structures  that  the 
houses  did  not  respond  to  the  boons  in  a  normal  manner,  one  series  of 
tests  was  run  with  only  16  subjects  in  each  test  house.  The  results  were 
essentially  the  same  for  comparable  boom  and  noise  exposures  when  16  sub¬ 
jects  or  when  32  subjects  were  in  the  house. 

G.  Mail  Survey  Ratings  of  Sonic  Booms,  Aircraft  Noise,  and  Street 

Noise  by  Residents  of  Edwards  Air  Force  Base 

Residents  of  Edwards  Air  Force  Base  were  asked  on  1  July  1966  to 
rate  several  noise  conditions  present  in  or  around  their  homes  on  a  scale 
similar  to  that  used  by  the  test  subjects:  (1)  during  the  month  of  June 
when  the  special  sonic  boom  tests  were  being  conducted  and  (2)  for  the 
months  prior  to  June.  It  is  estimated  that  the  average  daily  number  of 
sonic  booms  at  Edwards  during  the  month  of  June  1966  was  about  ten  (the 
residents  estimated  six).  It  is  seen  in  Table  7  that  26  percent  of  the 
people  who  answered  the  mail  survey  felt  that  the  sonic  boom  environment 
at  Edwards  during  the  month  ol  June  was  unacceptable. 

Street  noise  and  the  noise  of  subsonic  aircraft  would  appear  to  be 
no  significant  problem  to  the  residents  at  Edwards  Air  Force  Bose.  It 
should  be  borne  in  mind  that  although  occasionally  the  noise  of  low-flying 
subsonic  aircraft  reaches  the  residential  area  at  Edwards,  the  normal 
tekeoff  and  approach  paths  to  tin*  runways  avoid  the  residential  area  and 
the  flight  path  of  the  subsonic  utreruil  used  in  the  sonic  boom  evalu¬ 
ation  tests  did  not  pegs  over  the  residential  area.  Figure  16  allows  dis¬ 
tributions  for  the  ratings  of  ditferent  environmental  noises  by  a  sample 
ol  the  residents  ol  Edwards  Air  Force  Base. 
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Figure  17  depicts  the  acceptability  ratings  of  environmental  noises 
made  by  residents  of  Edwards  Air  Force  Base  as  a  function  of  their  age 
and  years  of  residence  at  Edwards.  It  would  appear  from  this  figure  that, 
particularly  with  respect  to  sonic  booms,  the  older  the  person  and  the 
longer  he  or  she  had  lived  there,  the  more  acceptable  were  the  noises. 

Age  and  years  of  residence  are  obviously  not  independent  of  each  other, 
and  an  analysis  of  the  data  by  years  of  residence,  keeping  age  constant, 
showed  no  consistent  influence  of  age  upon  the  ratings  of  sonic  booms. 
(See  Table  7.)  No  significant  difference  was  found  between  the  results 
of  paired-comparison  tests  for  different  age  groups  of  subjects.  (See 
Tables  5  and  6.) 

The  respondents  rated  the  sonic  boom  as  the  least  acceptable  noise 
condition  at  Edwards  as  follows: 


Least  Acceptable  Condition 

No.  Replies 

Percent 

Sonic  Boom 

553 

71 

Street  Noise 

135 

17 

Airplane  Noise 

90 

12 

These  data  obviously  substantiate  the  displacement  between  the  curves  for 
these  various  noise  conditions  shown  in  Fig.  17. 


Some  adaptation,  as  mentioned  above,  to  the  sonic  booms  is  evident 
from  data  given  in  Fig.  17.  This  is  further  demonstrated  by  the  answers 
(tabulated  below)  to  the  question,  "Do  you  think  living  at  Edwards  Air 
Force  Base  and  being  regularly  exposed  to  sonic  booms  in  your  homes  up 
to  1  June  1966  has  tended  to  make  sonic  booms  when  heard  In  your  home 


Living  at  Edwards  Mode  Boom: 


No.  Replies  Percent 


More  acceptable 

456 

60 

No  change 

246 

33 

Less  acceptable 

53 

7 

At  the  same  time  it  ahould  be  noted,  as  shown  in  Table  7,  that  about 
II  percent  ol  the  people  who  replied  to  the  mail  questionnaire  rated  in 
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FIC.  17  PERCENTAGE  OF  PERSONS  WHO  RATED  SONIC  BOOMS 
AS  UNACCEPTABLE  <L«n  »hon  mil  acceptably) 


retrospect  the  sonic  boom  conditions  prior  to  the  month  of  June  as  being 
unacceptable,  compared  to  26  percent  who  rated  the  booms  heard  during 
June  as  being  unacceptable.  Part  of  the  explanation  for  this  difference 
undoubtedly  was  due  to  the  difference  in  boom  exposures  during  this  per¬ 
iod  (see  Table  4).  The  average  nominal  peak  overpressure  of  sonic  booms 
during  a  typical  operational  month  prior  to  June  1966  in  the  residential 
area  of  Edwards  is  about  1.2  psf  and  the  average  frequency  about  4-8  per 
day.  During  the  month  of  June,  however,  about  289  booms  were  created, 
giving  a  daily  average  of  about  ten  and  a  median  nominal  peak  overpressure 
of  about  1.69  psf. 
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IV  SUMMARY  OF  FINDINGS 

To  date  the  major  findings  from  analysis  of  the  results  obtained 
for  the  subjects  and  listening  conditions  involved  in  these  experiments 
are  as  follows: 

1 »  Sonic  Boom  from  B-58  Judged  against  Noise  from  Subsonic  Aircraft 

(a)  When  indoors,  subjects  from  Edwards  Air  Force  Base 

judged  booms  from  the  B-58  at  1,69  psf  nominal  peak 

overpressure  outdoors  to  be  as  acceptable  as  the  noise 

* 

from  a  subsonic  jet  at  an  intensity  of  109  PNdB  measured 
outdoors. 

(b)  When  indoors,  subjects  from  the  towns  of  Fontana  and 
Redlands  judged  the  boom  from  the  B-58  at  1.69  psf 
nominal  peak  overpressure  outdoors  to  be  as  acceptable 

as  the  noise  from  a  subsonic  jet  at  an  intensity  of 

♦* 

118  to  119  PNdB  measured  outdoors. 

(c)  The  booms  heard  outdoors  from  the  B-58  at  1.69  nominal 
peak  overpressure  were  judged  to  be  as  acceptable  as  the 
noise  heard  outdoors  from  a  subsonic  jet  at  105  PNdB, 

111  PNdB,  and  108  PNdB  by  subjects  from  Edwards  Air  Force 
Base,  Fontana,  and  Redlands,  respectively. 

(d)  When  indoors,  27  percent  of  the  subjects  from  Edwards 
and  40  percent  of  the  subjects  from  Fontana  and  Redlands 
combined  rated  the  B-58  booms  of  nominal  peak  overpressure 

of  1,69  psf  as  being  between  less  than  "just  acceptable" 
to  "unacceptable." 

♦Noises  having  these  PNdB  values  would  be  generated  on  the  ground  di¬ 
rectly  under  the  flight  path  of  a  turbofan  aircraft  at  an  altitude 
of  800  or  1400  ft,  depending  on  whether  landing  or  takeoff  engine 
power  settings  were  used. 

♦♦Noises  having  these  PNdB  values  would  be  generated  on  the  ground  dir- 
roetlv  under  the  flight  path  ol'  a  turbofan  aircraft  at  an  altitude  of 
300  or  GOO  ft ,  depending  on  whether  landing  or  takeoff  engine  power 

settings  were  used. 
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(e)  When  outdoors,  33  percent  of  the  subjects  irom  Edwards  and 
39  percent  ol  the  subjects  Irom  Fontana  and  Redlands,  com¬ 
bined,  rated  the  B-58  booms  ol  nominal  peak  overpressure  ol 
1.69  psl  as  being  between  less  than  "just  acceptable"  to 
"unacceptable . " 

(f)  Residents  of  Edwards  AF  Base  who  served  as  subjects  had 
been  in  residence  there  lor  an  average  of  two  years  and 
had  been  exposed  during  that  period  to  about  4-8  booms 
per  day  of  median  nominal  peak  overpressure  of  1.2  psf 
and  to  subsonic  aircraft  noise  having  peak  PNdB  levels 
of  about  110  PNdB.  The  towns  of  Fontana  and  Redlands, 
on  the  other  hand,  were  not  under  or  near  the  flight 
track  of  supersonic  aircraft  and  were  occasionally  ex¬ 
posed  to  noise  of  subsonic  aircraft  at  a  peak  level  of 
about  95-100  PNdB. 

2 ,  Acceptability  of  Sonic  Booms  from  Different  Military  Aircraft 

(a)  When  of  approximately  equal  nominal  or  measured  peak 
overpressure  and  when  heard  indoors  and  judged  against 
the  aircraft  noise,  the  boom  from  the  XB-70  was  slightly 
less  acceptable  than  the  booms  from  the  F-104  or  B-58 
aircraft.  When  heard  outdoors  and  judged  against  air¬ 
craft  noise,  the  boom  from  the  B-58  was  slightly  less 
acceptable  than  the  booms  from  the  XB-70  and  F-104  air¬ 
craft  . 

(b)  When  one  type  of  boom  was  judged  against  another  type 
of  boom  at  equal  nominal  peuk  overpressure,  no  signifi¬ 
cant  difference  in  their  acceptability  was  measured  in 
these  tests. 

3 .  Acceptability  of  Booms  and  Aircraft  Noise  as  a  Function  of 

Their  Intensity 

The  unacceptability  of  sonic  booms,  as  a  function  of  intensity, 
increases  at  nbout  half  again  as  fast  a  rate  as  does  the  unacceptability 
of  the  noise  from  subsonic  aircraft;  i.u.,  in  terms  of  judged  unaccept¬ 
ability,  an  increase  of  10  PNdB  in  intensity  of  a  noise  Irom  a  subsonic 
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aircraft  was  equivalent  to  about  a  6  dB  increase  (from  1  psf  to  2  psf) 
in  the  intensity  of  a  sonic  boom. 


4.  Acceptability  of  Booms  or  Noises  for  Indoor  Listening  Compared 

to  Outdoor  Listening 

The  results  averaged  over  all  tests  indicates  that  the  boons 
and  particularly  the  noise  were  rated  slightly  nore  unacceptable  by  the 
listeners  outdoors  than  by  the  listeners  indoors.  Also,  the  precision 
of  the  judgments  and  rate  of  growth  of  unacceptability  as  a  function  of 
the  intensity  of  the  boons  or  noise  was  about  50-percent  greater  for 
listeners  outdoors  than  indoors. 

5.  Subsonic  Aircraft  Noise 

The  results  obtained  when  sonic  boons  were  judged  against  the 
noise  from  either  turbojet  or  turbofan  subsonic  aircraft  were  comparable, 
provided  the  aircraft  noise  had  about  the  same  peak  PNdB  value.  Also, 
noise  from  turbojet  aircraft  was  generally  judged  to  be  equal  in  accept¬ 
ability  to  noise  from  turbofan  aircraft  when  the  noises  had  the  same  PNdB 
value*  except  when  landing  power  was  used  and  the  listeners  were  outdoors. 

6.  Discrimination  of  Intensity  Differences  in  Booms  and  Subsonic 

Aircraft  Noise 

(a)  On  the  average,  two  booms  were  judged  to  be  significantly 
different  in  acceptability  when  their  nominal  or  measured 
peak  overpressures  differed  by  about  1  dB,  and  by  about 

2  dB  when  the  two  booms  were  compared  against  a  reference 
aircraft  noise. 

(b)  On  the  average,  two  aircraft  noises  were  judged  to  be  sig¬ 
nificantly  different  in  acceptability  when  they  differed 
by  about  2  PNdB,  and  by  about  4  PNdB  when  the  two  air- 

.  craft  noises  were  compared  against  a  reference  boc». . 

7.  Differences  in  Judgments  of  Subjects  Located  in  Different 

Rooms  and  When  on  Vibration  Isolation  Pads 

Systematic  differences  were  found  among  some  of  the  subgroups 
of  subjects  located  in  different  rooms  in  the  test  houses.  When  some  of 
the  subjects  were  exchanged  among  rooms,  it  was  found  that  some,  of  the 
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differences  were  due  to  the  test  rooms  and  not  to  the  subjects. 

Placing  the  indoor  and  outdoor  subjects  on  vibration  isolation 
pads  did  not  significantly  change  their  judgments  oi  the  sonic  booms 
relative  to  the  noise  from  the  subsonic  aircraft. 

8.  Attitude  Survey 

An  attitude  survey  of  residents  (15  percent  of  whom  served  as 
subjects  in  these  experiments)  at  Edwards  Air  Force  Base  revealed  that 
26  percent  rated  the  boom  environment  as  being  between  less  than  "just 
acceptable"  to  "unacceptable"  for  the  month  of  June,  when  there  was  an 
average  of  about  10  booms  per  day  at  a  median  nominal  peak  overpressure 
of  about  1.69  psf.  Fourteen  percent  ol  the  residents  also  rated  the  boom 
environment  prior  to  June  as  being  between  less  than  "just  acceptable"  to 
"unacceptable."  During  this  previous  period,  there  were  about  -1  to  8 
booms  per  day  at  a  median  nominal  boom  level  of  1.2  psf.  Six  percent 
rated  the  ambient  daily  aircraft  noise  and  seven  percent  rated  the  street 
noise  as  being  between  less  than  "just  acceptable"  to  "unacceptable." 

9.  Age  and  Sex  of  Subjects 

Within  the  adult  population  studied,  age  and  sex  are  not  sta¬ 
tistically  significant  factors  in  the  ratings  or  paired-comparison  of 
the  unacceptablllty  of  sonic  booms  or  the  aircraft  noises. 
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MISSIONS  FOR  PSYCHOLOGICAL  TESTS 
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*  A  !s  first  aircraft  of  pair;  B  is  flown  second 
**  Local  altitude  Is  2300  ft. 
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*  A  is  first  aircraft  of  pair;  B  is  floun  second 
**  Local  altitude  is  2300  ft. 
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SONIC  BOON  JUDGMENT  TESTS 

It  is  anticipated  that  in  the  nut  too  distant  future  supersonic  transports,  which 
create  sonic  booms,  will  be  placed  into  commercial  operation.  The  study  in  which  you 
art*  participating  is  being  conducted  to  determine  what  kinds  of  sonic  booms,  if  any, 
are  the  most  acceptable  to  people. 

As  you  know,  special  supersonic  aircraft  operate  from  Edwards  Air  Force  Base. 
These  aircraft  occasionally  generate  "sonic  booms"  with  which  you  are  familiar.  Be¬ 
cause  you  are  somewhat  familiar  with  sonic  booms  and  because  they  are  generated  as  a 
matter  of  everyday  operation  at  Edwards. Air  Force  Base,  we  would  like  you  to  make 
certain  judgments  about  the  relative  acceptability  of  the  sonic  booms  that  you  will 
hear  during  this  study. 

The  sonic  booms  you  will  hear  will  be  of  the  intensity  that  normally  occur  at  or 
near  Edwards  Air  Force  Base  during  everyday  operations  and  are  levels  which  will  pre¬ 
sumably  be  present  in  communities  when  the  anticipated  commercial  supersonic  aircraft 
fly  across  the  I'nited  States, 

There  is  nothing  secret  or  classified  about  these  tests.  However,  we  ask  that 
\ou  do  not  attempt  to  give  opinions  about  the  results  of  the  tests  inasmuch  as  the 
results  will  not  be  analyzed  or  understood  until  the  study  is  completed  and  all  data 
are  given  proper  consideration.  Also,  you  should  not  discuss,  in  particular,  your 
reactions  to  tliese  sounds  with  your  fellow  observers  inasmuch  as  we  want  your  own 
opinions,  and  we  expect  people  to  differ  in  their  judgments.  There  are  no  right  or 
wrong  answers. 

Tliese  tests  are  being  conducted  jointly  by  the  Air  Force,  the  National  Aeronautics 
and  Space  Altai  ni  strati  on,  and  the  Federal  Aviation  Agency,  and  are  part  of  the  program 
for  tlie  development  of  a  coninercial  supersonic  transport.  Your  concientious  partici¬ 
pation  in  this  program  is  greatly  appreciated.  Any  requests  for  additional  information 
should  be  addressed  to:  Public  Information  Officer,  Edwards  Air  Force  Base. 
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LIST  NIKE 


b  m  ce 

OITI  MONTH 


m  □ 

LOG.  ISO. 


CIRCLE  A  IF  FIRST  SOUNO  IS  MORE  ACCEFTIRLE.  1. 
CIRCLE  B  IF  SECOND  SOUNO  IS  MORE  KCEFTIILE. 

2. 


INSTRUCTIONS: 

‘Hi**  primary  purpose  of  the  tests  being  conducted  is  to 
determine,  if  possible,  bow  |ieople  feel  about,  the  relative 
acceptability  of  one  type  or  level  of  aircraft  noise  when 
i  'impaled  with  a  second  type  or  level  of  aircraft  noise. 

Yon  will  bear  a  series  of  sounds  from  aircraft.  Some 
of  the  sounds  will  be  sonic  booms  and  some  will  be  the  sound 
made  by  a  subsonic  jet  aircraft.  The  sounds  will  occur  in 
“pairs"  and  your  task  is  to  judge  which  sound  in  each  pair 
you  think  would  be  more  acceptable  to  you  if  heard  in  or 
near  your  home  during  the  day  and/or  evening  when  yon  are 
engaged  in  typical,  awake  activities. 

After  you  have  heard  each  pair  of  sounds  please  quickly 
decide  which  of  the  two  you  feel  would  be  more  acceptable 
to  you.  If  you  think  the  second  sound  of  a  pair  would  be 
more  acceptable,  circle  B  for  that  particular  pair.  If  you 
think  the  first,  sound  in  the  pair  would  be  more  acceptable 
to  you  than  the  second,  circle  A. 

IMease  concentrate  on  the  judgment  at  hand  and  give  an 
answer  even  though  the  two  sounds  may  seem  approximately 
equal  in  acceptability  to  you.  If  you  feel  that  there  is 
absolutely  no  real  difference  in  terms  of  acceptability  of 
the  two  sounds,  please  circle  either  A  or  B,  giving  the 
best  guess  you  can,  and  put  a  question  mark  after  that  pair. 

There  are  no  “right”  or  "wrong”  answers,  nor  do  we 
exjH-ct.  people  to  agree  with  each  other.  N'e  are  interested 
in  how  you  feel  about,  the  sounds  and  how  people  differ  in 
their  judgments  of  the  acceptability  of  these  aircraft  sounds. 

An  announcement  will  he  made  before  each  pair  of  sounds 
is  to  occur.  The  sounds  of  a  pair  may  be  separated  in  time 
!>\  several  minutes;  usually,  however,  they  will  occur  within 
a  single  minute.  IXiriug  this  period  we  nsk  that  you  he  quiet 
and  attentive.  (Jive  us  your  best  judgment  and  imagine,  if 
\<iit  will,  that  von  are  listening  to  these  sounds  in  or  near 
Muir  own  home. 


3. 

4. 

5. 

6. 
7. 
B. 
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10. 
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13. 
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For  rich  aircraft  muse  von  hear,  indicate  with  an  \  in  the  *  nt  re„|,ind i tig  I  ' f X  him  \ Mil  lii'ihs 
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ATTITUDE  SURVEY 


Atint-x  li 
A|i|ifii<li\  It- It 
ATT ITi: UK  SUHVEY 

DEPARTMENT  OF  THE  AIR  FORCE 

Ml  ADOU  ARM  RS  AIR  F(  >Rl  I  FLK.HT  TEST  CENTER  iAM.f  i 
If. WARDS  AIR  FiiRCI  RAS1  CALIF  93523 


of  I  i  i  i 
T  Hf  t  )  M  W  A  N  .  I  H 

biiHji  i  Sonic  Boom  Testing  Program 


7  June  1966 


All  Occupants,  Base  Housing 

1 .  Edwaids  AFB  has  been  chosen  as  a  place  to  study  some  of  the  reactions 
and  feelings  people  have  to  the  noise  of  subsonic  aircraft  and  to  sonic 
booms.  Edwards  was  chosen  because  it  is  a  base  where  people  are  exposed 
to  the  noise  of  aitcrafr  and  to  sonic  booms. 

2.  These  studies  are  a  joint  Air  Force,  NASA  and  FAA  project  with 
Stanford  Research  Institute  assisting  as  a  government  contractor.  The 
studies  are  an  important  step  to  finding  out  which  types  of  sonic  booms 
and  other  noises  are  bothersome  to  people.  The  program  is  directly  re¬ 
lated  to  design  and  development  of  commercial  supersonic  transport 
aircraft.  Sonic  booms  created  by  these  aircraft  muit  be  socially  accept¬ 
able  to  the  people  of  the  United  States. 

3.  There  are  obviously  no  "right"  or  "wrong"  answers  to  the  questions  on 
the  enclosed  sheet.  It  is  your  opinion  and  first  reaction  to  each  question 
that  is  wanted.  It  is  expected  that  peoole  will  differ  widely  in  their 
opinions. 

4.  The  individual  (not  joint)  opinions  of  the  husband  and  of  the  wife, 
to  be  given  separately  on  the  enclosed  answer  sheets,  are  requested. 

If  one  of  you  cannot  fill  out  the  answer  sheet,  or  objects  to  doing  so, 
please  send  in  at  least  one  answer  sheet  completed.  The  answer  sheets 
are  numbered  to  aid  in  data  analysis,  but  the  identification  of  persons 
filling  out  the  answer  sheets  will  not  E/e  used  in  any  way  or  kept.  You 
will  also  be  asked  to  complete  answer  sheets  like  the  enclosed  one  once 
or  possibly  twice  again  later  this  summer. 

5.  This  is  a  voluntary  service  we  are  asking  you  to  perform.  The  program 
has  the  full  endorsement  of  the  Air  Force  and  is  important.  For  these  # 
reasons,  your  willing  cooperation  and  participation  will  be  appreciated. 

HUGH  5.  MANSON 
Brigadier  Generol ,  USAF 
Commander 


li-.i-l 


Please  ihit'k  one  point  on  .>a<  h  **I  the  lines  below  which  indicates  most  closely 
how  you  felt  on  the  average  m  vour  present  home  during  the  past  few  weeks  or  month 
about  the  kinds  of  various  sounds  indicated. 


a.  The  sounds,  as  heard  in  your  home  during  the  day  and  night  for  the  past  f>w 
weeks  or  month,  ol  aircraft  flying  overhead  or  nearly  so  shortly  after  taking 
ol f  or  during  approach  to  landing  were  on  the  average: 

_ I  _ 1.  ...  .  ■  I _ 1 _ I _ _ 1 - 1 - 1 - i - 1 - 

Very  Acceptable  Just  Acceptable  Unacceptable 

b.  The  sonic  booms,  as  heard  in  your  home  during  the  day  and  night  for  the  past 
lew  weeks  or  month,  were  on  the  average; 

_ i _ i _ i _ l _ l _ I _ I _ i _ 1 - 1 - 1 —  - l 

Very  Arceptahle  Just  Acceptable  Unacceptable 

e.  Street  noises,  as  heard  in  your  home  during  the  day  and  night  for  the  past  few 
weeks  or  month,  were  on  the  average: 

L- _ i _ i _ i _ i _ i _ i — » _ i  -  i _ i 

Very  Acceptable  Just  Acceptable  Unacceptable 


Please  cheek  what  you  think  was  the  number  ol  occurences  of  the  following 
sounds,  as  heard  in  your  home  during  the  average  day  and  night,  lor  the  past  several 
weeks  or  month: 

a.  The  sounds  of  aircraft  Hying  overhead  or  nearly  so  shortly  after  taking  ofi 
or  during  approach  to  landing. 


Approximate  Average  No.  ol  Daily  Occurences 


1  or  U*ss 

2-5 

T* 

1 

K* 

O 

11-20 

21  -  30 

30  or  More 

b.  Sonic  Booms 


Approximate  Average  No.  ol  Daily  Occurences 


l  or  Less 

2  -  r. 

o 

1 

X 

11-20 

WEXEM 

30  or  More 

Please  place  a  circle  around  the  condition  which  in  your  present  home  is  the 
most  bothersome  or  least  acceptable  to  you: 

a.  general  airplane  noise*  b.  sonic  booms  c.  street  noise 

How  long  have  you  lived  at  Edwards  Air  Force  Base?  _  Your  age?  _ 

Please  check:  husband  wife 
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Thi>  previous  p.i r.<-  was  concerned  >ith  vonr  reaction  to  sonic  booms  during 
d„.  |u  ;  t in *-t-  *1  iK  hi  .o  .>1  tin-  r.uiitli  ol  . I ti 1 1« ■  lUtiti.  Till'  questions  In- 1  o'* 
urv  about  lion  \ou  tell  .itiout  .oi,i.  Ijoot’.  .itul  uu-crult  noise  at  Edwards  Air 
Force  Bast1  hrlorc  1  Jam  196b. 


1.  Do  you  t  ti  Ink  that  the  sounds  of  aircraft  living  overhead  shortly  alter 
taking  oil  or  during  approach  to  the  landing  you  have  heard  in  your 
home,  up  to  about  1  June  lfrtit-,  while  living  at  Edwards  Air  Force  Base 
sere,  on  the  average: 

_ . _ i - 1 - 1 - i - 1 - 1 - 1 - 1 

Just  Accept  able  Unacceptable 

2.  Do  you  think  that  the  sonic  booms  von  have  heard  in  your  homes,  up  to 
about  1  June  1966,  while  living  at  Edwards  Air  Force  Base  were,  on  the 
average : 

Very  Acceptable  Just  Acceptable  Unacceptable 


3.  Do  you  think  that  living  at  Edwards  Air  Force  Base  and  being  regularly 
exposed  in  your  hones  to  sonic  booms  up  to  about  1  June  1966  has  tended 
to  make  sonic  boons  when  heard  in  your  hone  to  be: 


a) 

nore  acceptable 

_ 

h) 

no  change 

—  -- 

(Please  check  one  box) 

c) 

less  acceptable 

Very  Acceptable 


4.  Do  you  think  that  living  at  Edwards  Air  Force  Base  and  being  regularly 
exposed  in  your  hones  to  the  sounds  ot  aircratt  living  overhead  shortly 
alter  taking  oil  or  during  landing  up  to  about  1  June  1966  has  tended 
to  make  these  sounds  when  heard  in  your  home  to  be  on  the  average: 

a)  more  acceptable 

b)  no  change  (Please  check  one  box) 

c)  less  acceptable  _ 


Please  return  this  answer  sheet,  along  with  the  attached  sheet,  within  a  few 
davs  In  the  enclosed,  addressed  envelop**. 


Attach. 


It-  t  ;t 


Annex  B 


Appendix  B-4 


VARIABILITY  IN  MIRED-COMPARISQN  TESTS 
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VARIABILITY  IN  PAIRED-COMPARISON  TESTS 

The  following  factors  are  considered  to  bt.  possible  aajor  sources 
of  unwanted  variability  in  the  present  tests: 

1.  Variations  in  the  attentiveness  and  attitudes  of  the  subjects 
from  moment  to  moment 

2.  Chance  variation  in  the  physical  conditions,  such  as  the  air¬ 
craft  being  slightly  off  flight  course  or  prescribed  power 
setting,  or  effects  of  weather  conditions  on  the  booms,  the 
presence  of  extraneous  noises,  etc. 

3.  The  fact  that,  at  the  intensity  levels  used  in  these  tests, 
the  second  sound  to  be  judged  in  a  pair  is  usually  found  to 
have  a  somewhat  stronger  psychological  effect  on  a  person 
than  the  first  sound,  even  though  they  are  physically  equal 
(the  so-called  "time-error"  in  judgment  tests). 

The  tests  were  designed  to  reduce  to  a  practical  minimum  the  effects 
of  these  factors  on  the  results  by  having  the  subjects  judge  each  pair 
of  sounds  four  times:  twice  in  the  order  of  sound  A  followed  by  sound  B, 
and  twice  in  the  order  sound  B  followed  by  sound  A.  In  addition,  the  se¬ 
quencing  of  pairs  for  any  one  test  condition  was  randomized  insofar  as 
flight  operations  would  permit  among  all  test  conditions  and  testing  days. 
The  a«-rJbo  of  *he  results  take"  over  the  four  Judgments  for  any  two 
sounds  that  were  compared  with  each  other  represents  then  me  best  esti¬ 
mate  possible  of  the  relative  subjective  acceptability  of  the  two  sounds, 
taking  into  account  the  error-factors  outlined  above. 

An  estimate  can  be  made  of  the  variability  that  would  be  expected 
had  only  one  set  of  A-B  and  B-A  pairs  been  given  for  each  test  condition. 
This  can  be  d:-»a  by  finding  the  50-percent  crossing  points  for  the  var¬ 
ious  test  conditions  from  curves  based  on  each  possible  A-B  and  B-A  data 
point,  rather  than  on  the  average  of  all  lour  pairs,  as  was  done  in 


B-4-1 


Figures  1  through  5  in  the  text  of  Annex  B,  Figures  B-4-1  through  B-4-3 
show  the  data  for  the  F-104  vs.  WC-135B  pairs  plotted  in  this  way. 

Table  B-4-1  gives  the  average  range  of  the  deviations  of  all  possi¬ 
ble  cross-points  for  each  of  the  major  experimental  conditions  tested  and 
shows  that,  in  general,  the  average  of  the  differences  between  the  median 
of  the  crossing  points  (Figs.  1-5  in  the  text  of  Annex  B)  and  crossing 
points  for  any  curve  drawn  between  any  two  data  points  is  about  1  PNdB 
for  any  test  condition  or  group  of  subjects.  The  total  range  of  the 
differences  among  the  crossing  points  for  any  test  condition  or  group  of 
subjects  averages  about  4  PNdB. 
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INDOOP  LISTENING  F- 104  NOMINAL  AP  C  7> 


OUTDOOR  LISTENING  F- 104  NOMINAL  AP  0  75  psf 

80 1 — i — I — i — i — ! — i — i — i — i — i — i — i — r 


20  l _ I _ 1 _ 1 _ I _ I _ I _ 1 _ 1 _ 1 _ I _ I _ 1 _ L_J 

83  BA  85  86  87  88  89  90  91  92  »3  94  95  96  97 

PN88  OF  WC- 1356 

NOTES:  Eoch  do»o  point  the  overoge  pre'erenc*  *or  '<*<0  mi**ion»;  on*  minion  fating  0  fto©m-Nai** 
minion  0nH  '  „  other  O  Noiie-Boom  Frrm  four  "  ..  J' '  ^Boom-tni**  T**t,  Boom-Noil* 

R*tett,  Noijt-Boom  Test  and  No«»fBoom  R*t*ji)  Jour  doto  point*  con  be  formed.  With  ont  **»  of 
foot  paint*  ofaovt  thr  50*  lint  and  onother  »*t  of  four  point*  below  th*  50°c  lin*#  *i*t**n  lint*  will 

N 

interject  the  50%  p'*f*r*nc*  I  in*.  Th*  average  devotion  i*  I  N  £  *;  —  m*dion  ciou-pointl 

i«l  1 

where  N  <1  in*  number  of  cron-point*  ono  i*  th*  vo'ue  of  th*  cron-point. 


FIG.  B»4»1  VARIATION  OF  PAIRED-COMPARISON  JUDGMENTS  (F-104  nominal  AP  0.75  ptf 
v*.  WC-135B).  List«n«r»  from  Edwards  AF  Boia. 


B  1-3 


PREFERRED 


INDOOR  LISTENING  F- 104  NOMINAL  AP  1.40  pul 


102  103  104  I0S  106  102  108  109  110  111  IIP  113  114  113  116 

PNdB  OF  WC-1356 


OUTDOOR  LISTENING  F-104  NOMINAL  AP  1.40  p»F 

80 


30 

40 


20 

9J  94  93  96  92  9g  99  100  101  102  103  104  105  106  102 

PNdB  OF  WC-135B 

NOTES:  So*  Fig.  $-4-1  lot  general  no»ev, 

*T*.p  Boom-Noli»  mi»ion»  and  three  Noiie»8oom  miuiom  were  Flown, 
cameguentlj,  >i*  da*a  pomn  can  be  farmed. 

FIG.  B-4-2  VARIATION  OF  PAIRED-COMPARISON  JUDGMENTS  (F-104  oeminol  \P  1.40  p»f 
9*.  WC-135B).  LiUoners  from  Edward*  AF  Bat*. 
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PREFERRED  BOOM  %  PREFERRED  BOOM 


INDOOR  LISTENING  F-104  NOMINAL  AP  2.80 


OUTDOOR  LISTENING  F-104  NOMINAL  AP  2.80 


NOTES:  Set  Fig.  B-4-1  for  general  nor*». 

•TJ-re*'  finnm-Noiie  minion*  ond  On*  Noi»e-8oOm  mimon  «*r*  flo^n, 
consequently .  only  three  do»o  point*  con  be  formed. 
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Annex  C 
Part  I 

SUMMARY  OF  VARIATIONS  OF  SONIC  BOOM  SIGNATURES  RESULTING  FROM 
ATMOSPHERIC  EFFECTS 

ABSTRACT 

Data  based  on  about  5000  overpressure  measurements  are  presented  to 
illustrate  atmospheric  induced  sonic  boom  signature  variations  for  super¬ 
sonic  aircraft  varying  in  gross  weight  from  about  20,000  to  450,000  pounds 
and  from  about  60  ft  to  185  ft  in  length,  respectively.  Descr;.,tions 
are  included  of  several  special  flight  test  experiments  performed  to  de¬ 
fine  quantitatively  some  of  these  atmospheric  effects. 

The  experience  derived  from  several  flight  test  programs  regarding 

sonic  boom  signature  variations  has  been  summarized.  Variations  were 
noted  to  occur  in  the  peak  overpressure,  the  impulse  function,  the  time 

duration,  and  the  bow  wave  rise  time.  Such  variations  are  noted  to  be 
induced  by  the  atmosphere.  That  portion  of  the  atmosphere  below  about 
2000  ft  is  shown  to  be  most  influential  although  in  some  cases  the  higher 
portions  may  also  be  important.  Aircraft  motions,  in  the  form  of  pertur¬ 
bations  about  the  normal  flight  track,  are  shown  not  to  contribute  sig¬ 
nificantly  to  observed  sonic  boom  signature  variations  at  the  ground. 

INTRODUCTION 

It  is  a  matter  of  record  that  substantial  variations  occur  in  sonic 
boom  signature  shapes  (see  refs.  1,  2,  and  3).  These  variations  Involve 
such  quantities  as  the  peak  overpressure,  the  time  duration,  impulse, 
etc.  Such  variations  are  thought  to  be  largely  due  to  atmospheric  and 
weather  effects  although  the  exact  cause  and  effect  relationship  has  not 
been  definitely  established  up  to  this  time.  The  purpose  of  this  paper 
is  to  present  some  recent  sonic  boom  measurement  results  which  illustrate 
the  nature  of  the  atmospheric  effects  problem  and  which  define  quantita¬ 
tively  some  of  these  effects. 
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Figure  1  contains  examples  of  nave  shapes  observed  lor  three  diff¬ 
erent  types  of  aircraft.  At  the  left  of  the  figure  are  tracings  of  meas¬ 
ured  waves  for  the  F-lo-l  aircraft  lor  which  the  time  duration  is  about 
.1(1  of  a  second .  it  Is  seen  that  the  waves  vary  from  sharply  peaked  to 
gently  rounded.  Similar  signature  tracings  are  shown  at  the  right  side 
of  the  figure  for  the  B-58  and  the  XB-70,  respectively.  The  B-58  signa¬ 
tures  are  roughly  ,20  of  a  second  in  duration  and  those  of  the  XB-70  are 
approximately  .30  oi  a  second  in  duration.  The  main  differences  between 
waves  for  a  given  aircraft  are  noted  to  occur  at  the  times  oi  the  rapid 
compress.ons.  The  largest  overpressure  values  are  generally  associated 
with  the  sharply  peaked  waves. 

NATURE  OF  SIGNATURE  SHAPE  VARIATIONS 

In  the  following  discussions,  reference  will  be  made  to  variations 
in  those  quantities  which  are  defined  in  Fig.  2.  Shown  in  Fig.  2  is  an 
example  tracing  of  an  N-wave  signature.  The  quantities  peak  positive 
overpressure  AP.  the  positive  impulse  I,  the  total  time  duration  of  the 
wave  At,  and  the  rise  time  r.  arc  Illustrated.  Rise  time  always  refers 
to  the  bow  wave  and  is  usually  defined  as  the  elapsed  time  between  the 
onset  of  pressure  and  the  uccurrence  of  its  maximum  value  (see  ref.  A). 

There  has  been  considerable  discussion  about  the  ftequency  response 
requirements  of  measuring  equipment  and  whether  differences  in  frequency 
response  would  markedly  change  the  observed  patterns  of  signature  varia¬ 
tion.  In  order  to  provide  sumo  information  in  this  regard,  W  magnetic 
tape  records  were  processed  by  playback  through  a  series  oi  low  pass 
filters.  Figure  3  contains  examples  of  traced  wave  forms  resulting  from 
playback  of  one  particular  record  through  various  niters  varying  in 
band  width  from  about  5000  Hi  down  to  about  200  Hr.  For  the  case  illus¬ 
trated,  it  is  seen  that  the  narrower  band  width  systems  noticeably  af¬ 
fect  the  wave  shape  paiticularly  with  regard  to  the  peak  overpressure 
and  rise  time.  About  200  data  records  were  processed  as  indicated  in 
Fig.  3  to  provide  data  for  the  histograms  of  Fig.  4, 

The  data  m  Fig.  -I  relate  to  B-5H  (lights  at  an  altitude  of  about 
31,000  ft  and  a  M.fh  number  ot  i.5.  In  the  figure  the  number  of  events 
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(o)  0.02-5,000  Hz 


(c)  002-500  Hz 


U)  002-200  Hz 


FIG.  3  EFFECTS  OF  INSTRUMENT  FREQUENCY  RESPONSE  Or.  SONIC 
BOOM  SIGNATURE  SHAPES.  Goto  or*  far  B“58  oircrofo  of  on 
oltitvdo  cf  31,000  It.  ond  o  Moch  numbor  d  l.S 
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Apcote  =  2,59  lb/sq  ft 
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(o)  002-5,000  Hz 


1C.  4  VARIATION  OF  PEAK  POSITIVE  OVERPRESSURE  FROM 
SONIC  BOOM  SIGNATURES  ANALYZED  AT  VARIOUS 
FREQUENCY  RESPONSE  RANGES.  Date  ere  far  B-J8 
aircraft  el  on  altitude  of  31,000  ft.  end  a  Mack  number  of  1.5 
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is  plotted  as  a  function  of  the  overpressure  values  in  histogram  form 
for  the  four  different  filter  band  widths  of  Fig,  3.  The  data  of  Fig. 

4  relate  to  a  variety  of  wave  form  shapes  on  the  original  records  such 
as  those  illustrated  in  Fig,  1.  It  can  be  seen  from  the  Inspection  of 
Fig.  4  that  the  histograms  do  not  vary  markedly  as  a  function  of  filter 
band  width.  There  is,  however,  a  general  shift  to  lower  peak  overpressure 
values  as  filter  band  width  is  reduced.  The  point  can  be  made  that  the 
average  peak  overpressure  values  obtained  for  the  smaller  filter  band 
width  are  more  nearly  in  agreement  with  the  calculated  values  than  are 
those  obtained  with  the  larger  filter  band  widths.  For  all  the  data 
subsequently  presented  in  this  paper,  the  instrument  frequency  responses 
are  essentially  .02-5,000  Hz  and  thus  the  effects  noted  in  Figs.  3  and 
4  will  not  apply. 

Shown  in  Fig.  5  are  probability  plots  of  the  ratios  of  measured  to 
calculated  overpressure  for  the  B-58  and  XB-70  aircraft.  The  ordinate 
is  the  probability  of  equalling  or  exceeding  a  given  abscissa  value. 

Three  sets  of  data  are  Included.  The  square  data  points  for  the  XB-70 
and  the  triangle  data  points  for  the  B-58  were  obtained  from  measurements 
of  a  7000  ft  linear  microphone  array,  whereas  the  circle  B-58  data  points 
were  obtained  for  a  small  cruciform  microphone  array  having  dimensions 
of  200  ft.  It  should  be  noted  that  the  data  would  fit  on  a  straight  line 
if  the  variation  corresponded  to  a  normal  distribution.  The  slope  of 
this  line  would  indicate  the  amount  of  variability  of  the  data,  a  verti¬ 
cal  line  indicating  no  variability.  With  the  exception  of  the  highest 
and  lowest  valued  points, all  three  sets  of  data  generally  follow  a  nor¬ 
mal  distribution  line  and  the  variability  is  about  the  same  in  each 
case.  These  results  are  similar  to  those  obtained  in  other  programs 
as,  tor  instance,  in  references  1  and  2,  and  the  implication  is  that  the 
type  and  size  of  the  airplane  are  not  significant  factors  regarding 
variability. 

Although  no  data  on  the  positive  impulse  function  of  the  waves  are 
Included  in  this  paper,  the  point  can  be  made  that  the  same  general 
trends  exist  as  for  the  overpressure  data  of  Fig.  S.  The  only  exception 
is  that  the  variability  la  generally  less  for  the  Impulse  function  for 
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FIG.  5  PROBABi  ITT  OF  EQUALING  OR  EXCEEDING  A  GIVEN  VALUE  OF  THE 
RATIO  OF  MEASURED  TO  CALCULATED  OVERPRESSURES  FOR  TWO 
DIFFERENT  AIRCRAFT.  (Onto  arc  plo'tod  on  lofl  normal  probobility  papar) 
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a  given  set  of  flight  and  atmospheric  conditions  than  for  the  overpres¬ 
sure  function. 

Some  variations  in  the  sonic  boom  signature  time  durations  which 
are  important  for  structural  responses  have  been  observed.  The  data  of 
Fig.  6  illustrate  these  latter  variations  for  the  B-58  aircraft  for  two 
different  flight  conditions.  Results  are  based  on  about  200  data  points 
measured  at  a  fixed  location  for  approximately  SO  flights  over  a  period 
of  about  three  weeks.  The  histograms  at  the  top  of  the  figure  are  for 
an  overhead  flight  track  for  an  airplane  altitude  of  31,000  ft  and 
for  a  Mach  number  of  1.5.  The  histogram  at  the  bottom  of  the  figure  re¬ 
lates  to  a  flight  track  five  miles  distant  from  the  measuring  station 
and  for  an  airplane  altitude  of  43,000  ft  and  a  Mach  number  of  1.65. 

It  can  be  seen  that  the  time  periods  are  longer  for  the  of f-the-track 
condition,  but  that  variability  does  exist  in  the  durations  of  the  waves 
at  both  locations.  This  variability  is  probably  due  to  differences  in 
the  propagation  rates  of  the  bow  and  tail  waves  which  travel  along  some¬ 
what  different  ray  paths  from  the  aircraft  to  the  ground. 

Also  of  Interest  is  the  variation  in  bow  wave  rise  time  as  defined 
in  Fig.  2,  since  it  is  believed  that  this  quantity  is  important  from  a 
subjective  reaction  standpoint.  The  data  of  the  histograms  of  Fig.  7 
have  been  normalized  on  the  horizontal  scale  to  Indicate  the  rise  time 
per  unit  overpressure.  These  data  are  for  a  B-58  aircraft  for  an  alti¬ 
tude  of  approximately  31,000  ft  and  a  Mach  number  of  1.5  lor  an  over¬ 
head  flight  condition.  The  two  histograms  of  the  figure  relate  to  the 
same  measured  data  but  result  from  different  interpretations  of  that 
data.  For  Instance,  the  histogram  of  solid  lines  is  based  on  the  rise 
time  definition  of  Fig.  2.  The  dashed  line  histogram, on  the  other  hand, 
is  based  on  the  determination  of  the  &P  values  associated  with  the  first 
peak  in  the  wave  even  though  that  may  not  be  the  highest  peak.  This 
latter  definition  may  be  the  more  appropriate  one  for  subjective  evalu¬ 
ation  whereas  the  definition  of  Fig.  2  is  a  commonly  accepted  one. 

In  either  case,  it  can  be  seen  that  considerable  variations  in  rise 
times  are  encountered  regardless  of  the  manner  in  which  rise  time  is 
defined.  It  is  significant  to  note  that  rise  tines  of  less  than  a 
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FIG.  6  VARIATIONS  OF  SONIC  BOOM  SIGNATURE  TIME 
DURATIONS  FOR  TWO  DIFFERENT  FLIGHT 
CONDITIONS  OF  THE  B-58  AIRCRAFT 
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FIG.  7  VARIATIONS  OF  BOW  WAVE  RISE  TIME  FOR  THE  B-58  AIRCRAFT 
AT  A  MACH  NUMBER  OF  1.5  AND  AN  ALTITUDE  OF  31,000  FT 
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millisecond  are  commonly  encountered  for  the  initial  peak  of  the  wave. 


PROPAGATION  STUDIES  IN  THE  LOWER  ATMOSPHERE 

Previous  studies  of  atmospheric  effects  on  sonic  boom  signatures 
have  suggested  that  the  lower  layers  of  the  atmosphere  exert  the  great¬ 
est  influence  (see  ref.  3.).  In  order  to  better  define  the  region  of 
the  atmosphere  most  effective  in  distorting  the  sonic  boom  signatures, 
several  special  experiments  have  been  performed  by  NASA  and  USAF  person¬ 
nel,  The  first  two  of  these  were  conducted  at  the  NASA  Wallops  Station 
and  are  illustrated  schematically  in  Figs.  8  and  9.  Flights  were  made 
over  an  instrumented  range  consisting  of  a  linear  microphone  array  on 
the  ground  and  extending  about  1500  ft  in  combination  with  a  vertical 
array  on  an  instrumented  tower  extending  to  about  250  ft  above  the  ground 
surface.  The  generating  aircraft  was  flown  at  an  altitude  of  40,000  ft 
and  at  a  Mach  number  of  1.5  for  a  variety  of  weather  conditions.  The  ob¬ 
jective  of  the  studies  was  to  correlate  the  sonic  boom  measurements  with 
the  extensive  meteorological  data  obtained  on  the  instrumented  tower. 

In  situations  where  wave  form  distortion  was  noted  to  exist,  it  was 
found  that  similar  wave  shapes  were  measured  both  at  the  ground  surface 
and  on  the  instrumented  tower.  A  particularly  interesting  and  signifi¬ 
cant  result  of  these  studies  is  illustrated  by  the  wave  form  tracings 
of  Fig.  8  which  suggest  that  similar  types  of  distortions  exist  at 
points  along  given  ray  paths.  Such  a  result  was  obtained  along  a  ray 
path  extending  from  a  measuring  station  on  the  tower  to  the  ground  and 
also  on  a  reflected  path  from  the  ground  back  up  to  a  station  on  the 
tower. 

This  leads  to  the  conclusion  that  for  these  particular  tests  the 
250  ft  layer  of  the  atmosphere  near  the  surface  of  the  ground  did  not 
appreciably  affect  the  signature  shapes.  Thus,  correlation  studies  in¬ 
volving  only  the  lower  surface  layers  would  probably  not  produce  con¬ 
clusive  results.  It  follows  then  that  the  portion  of  the  atmosphere 
above  250  ft  was  Important  for  the  conditions  of  this  experiment  regard¬ 
ing  wave  shape  distortions. 
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FIG.  8  SCHEMATIC  DIAGRAM  OF  TEST  SETUP  AT  THE  NASA  WALLOPS  STATION,  VIRGINIA,  FOR 
EVALUATING  ATMOSPHERIC  EFFECTS  ON  SONIC  BOOM  WAVE  PROPAGATION  IN  THE 
SURFACE  LAYER  (250  ft.  depth)  OF  THE  ATMOSPHERE.  Generofing  aircraft  wos  on  F~  106  at 
40,000  ft.  altitude  and  a  moch  number  of  1.5 


7500*  -4 


C-I-l-l 


As  a  follow-up  to  the  ray  path  experiments  of  Fig.  8,  another  ex¬ 
periment  was  performed  to  Investigate  the  effects  of  time  with  regard 
to  atmospheric  distortion  effects.  This  experiment  was  performed  with 
the  aid  of  two  airplanes  of  the  same  type  which  were  flown  at  the  same 
altitude  and  Mach  number  and  on  the  same  nominal  flight  track  and  about 
5  seconds  apart.  By  means  of  a  ground  microphone  array,  It  was  possible 
to  measure  sonic  boom  signatures  which  travelled  along  essentially  the 
same  ray  path  from  high  altitude  to  the  ground  for  a  distance  of  approx¬ 
imately  IS  miles  but  at  slightly  different  times.  One  of  the  results 
of  the  experiment  is  illustrated  by  the  signature  tracings  at  the  bottom 
of  Fig.  9.  It  can  be  seen  that  quite  different  wave  shapes  are  associated 
with  measurements  at  times  a  few  seconds  apart.  Such  a  result  suggests 
that  the  integrated  effects  of  changes  in  the  atmospheric  conditions  along 
a  given  ray  path  may  be  significant  even  for  such  a  small  difference  in 
time. 

Further  experiments  relating  to  atmospheric  effects  on  sonic  boom 
propagation  were  performed  recently  by  NASA  and  USAF  personnel  In  the 
Edwards,  California,  area.  One  of  these  experiments  was  performed  with  . 
the  aid  of  the  Goodyear  airship,  Mayflower,  as  illustrated  schematically 
in  Fig.  10.  For  some  cases,  as  illustrated  in  the  figure,  the  incident 
signature  was  essentially  undlstorted,  whereas  the  ground  measurements 
and  the  reflected  signature  measurements  at  the  airship  showed  evidence 
of  distortion.  This  would  suggest  that  the  2000  ft  surface  layer  of 
the  atmosphere  was  responsible  for  all  such  distortion.  On  the  other 
hand,  some  other  measurements  indicate  distortion  of  the  Incident  wave, 
thus  indicating  the  portion  of  the  atmosphere  above  2000  ft  may  for 
some  cases  be  important. 

None  of  the  above  experiments  produced  evidence  of  direct  correla¬ 
tion  between  signature  distortion  and  identifiable  local  disturbances 
in  the  atmosphere.  The  last  special  experiment  to  be  described  was  per¬ 
formed  particularly  to  achieve  such  a  correlation.  Use  wes  made  of  u 
large  subsonic  aircraft  to  generate  wing  tip  vortices  in  the  test  area 
in  such  a  manner  that  the  shock  wave  lo  be  measured  would  pass  through 
these  vortex  disturbances  (see  ref.  5).  The  resulting  weasureaents  of 
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peak  overpressure  values  from  the  microphones  In  the  ground  array  are 
shown  at  the  bottom  of  Fig.  11.  Of  particular  interest  are  the  data 
points  at  distances  from  5200  to  5600  ft  along  the  ground  track  where 
markedly  larger  overpressure  values  were  recorded.  These  latter  meas¬ 
urements  were  believed  to  have  been  affected  by  the  presence  of  the 
wing  tip  vortices,  but  no  significant  changes  were  noted  in  the  signa¬ 
ture  shapes.  Some  further  analyses  and  more  definitive  experimental 
studies  are  planned  to  improve  the  understanding  of  these  latter  inter¬ 
action  phenomena. 

EVALUATION  OF  AIRCRAFT  MOTION  EFFECTS 

It  is  recognized  that  measurements  of  sonic  boom  signatures  on  the 
ground  may  be  affected  by  variations  in  the  aircraft  operating  conditions 
as  well  as  by  the  atmosphere.  An  experiment  has  thus  been  performed  in 
an  attempt  to  evaluate  the  effects  on  measured  signatures  of  perturbations 
of  the  aircraft  about  its  normal  flight  path.  In  order  to  accomplish  this 
study  use  was  made  of  the  test  setup  in  Fig.  12.  The  aircraft  was  flown 
at  a  given  altitude  and  Mach  number  and  on  a  given  heading  directly  over 
and  along  a  7000  ft  long  array  of  40  microphones.  The  aircraft .which 
was  specially  instrumented  to  record  its  motions,  was  flown  both  in 
steady  level  flight  and  in  "porpoising"  flight.  All  flights  were  ac¬ 
complished  at  an  altitude  of  35,000  ft  and  a  Mach  number  of  1.5  with  an 
F-106  aircraft.  For  the  porpoising  flight,  the  pilot  caused  the  air¬ 
plane  to  deviate  from  the  nominal  flight  track  by  cycling  the  controls 
to  produce  a  *0.5  g  normal  acceleration  at  the  center  of  gravity  of 
the  aircraft.  These  induced  motions  have  a  period  of  about  one  second 
and  thus  the  wave  lengths  of  the  motion  were  about  1600  ft  for  these 
particular  flight  conditions. 

Ground  overpressure  measv«rements  for  the  two  types  of  flights  are 
shown  In  Fig.  13.  The  data  points  for  three  steady  flights  and  for 
four  porpoising  flights  were  obtained  from  individual  microphones  located 
at  various  stations  along  the  ground  track  as  indicated  schematically 
In  Fig.  12.  It  can  be  seen  from  Fig.  13  that  approximately  the  same 
ranges  of  overpressure  were  measured  for  each  of  the  flight  conditions. 
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FIG  II  SCHEMATIC  DIAGRAM  OF  TEST  ARRANGEMENTS  IN  THE  EDWARDS,  CALIFORNIA,  AREA  FOR 
STUDYING  THE  PHENOMENON  OF  SHOCK  WAVE-VORTEX  INTERACTIONS 


Furthermore,  an  Inspection  of  the  data  of  Fig.  13  suggests  the  occurrence 
of  cyclic  variations  of  the  overpressures  for  both  flight  conditions. 

Such  cyclic  variations  have  been  documented  during  this  and  other  flight 
research  programs  (see  ref,  1).  It  is  significant  to  note,  however,  that 
cyclic  variations  that  occur  during  the  steady  flights  seem  to  have  wave 
lengths  that  vary  considerably.  Since  it  is  believed  that  the  porpois¬ 
ing  flight  condition  might  produce  a  cyclic  variation  of  overpressure 
at  a  preferred  wave  length  on  the  ground,  the  data  of  several  such  flights 
were  analyzed  in  such  a  manner  as  to  accentuate  this  effect  if  it  existed. 
These  results  are  shown  in  Fig.  14. 

The  individual  histograms  of  Fig.  14  represent  variations  in  the  ab¬ 
solute  values  of  the  differences  in  the  overpressures  measured  at  pairs 
of  points  which  are  separated  by  the  distances  indicated.  If  the  effects 
of  the  airplane  motion  were  faithfully  transmitted  to  the  ground,  it  is 
reasonable  to  expect  that  smaller  differences  in  overpressure  values 
would  be  obtained  at  some  separation  distances  than  at  others.  The  sam¬ 
ple  data  of  Fig.  14  represent  separation  distances  varying  from  100  ft 
to  1600  ft  for  comparison.  In  order  to  better  define  the  trend  of  the 
variations  of  Fig.  14  the  data  are  presented  in  a  more  convenient  form 
in  Fig.  IS. 

In  Fig.  IS  the  quantity  c  ,  which  is  the  root  mean  square  over- 
pressure  difference,  is  plotted  as  a  (unction  of  separation  distance 
for  the  distances  for  which  data  are  available.  The  curve  of  Fig.  15 
seems  to  represent  generally  the  variation  of  c  aa  a  function  of  dis- 
tancc  for  both  the  steady  and  porpoising  flight  cases.  Both  sets  of 
data  are  seen  to  increase  monoionically  as  a  function  of  separation 
distance.  Such  a  result  strongly  suggests  that  perturbations  about 
the  flight  track  of  the  order  of  those  illustrated  in  Fig.  13  do  not 
propagate  faithfully  to  the  ground  from  high  altitude.  It  is  thus  be¬ 
lieved  that  the  variations  discussed  previously  in  this  paper  are  due 
mainly  to  atmospheric  effects  rather  than  to  effects  of  aircraft  motion. 
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TIG.  *3  MEASURED  PEAK  OVERPRESSURES  AT  SEVERAL  STATIONS  ALONG  THE  GROUND  FOR  BOTH 
STEADY  AND  PORPOISING  FLIGHTS  OF  AN  F-106  AIRCRAFT  AT  35,000  FT.  ALTITUDE  AND 
A  MACH  NUMBER  OF  1.5 
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RG  (5  ROOT  ME  AM  SOUARE  DIFFERENCES  IN  OVERPRESSURES  AS  A  FUNCTION  OF  SEPARATION 
DISTANCE  FOR  BOTH  STEADY  AND  PORPOISING  FLIGHT 


CONCLUDING  REMARKS 


The  experience  derived  from  several  flight  test  programs  regard¬ 
ing  sonic  boom  signature  variations  has  been  summarized.  Variations 
were  noted  to  occur  in  the  peak  overpressure,  the  impulse  function,  the 
time  duration,  and  the  bow  rise  time.  Such  variations  are  noted  to  be 
induced  by  the  atmosphere.  That  portion  of  the  atmosphere  below  about 
2000  ft  is  shown  to  be  most  influential  although  in  some  cases  the 
higher  portions  may  also  be  important.  Aircraft  motions,  in  the  form 
of  perturbations  about  the  normal  flight  track,  are  shown  not  to  con- 
tributi  significantly  to  observed  sonic  boom  signature  variations. 
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PRELIMINARY  RESULTS  OF  XB-70  SONIC  BOOM  FIELD  TESTS 
DURING  NATIONAL  SONIC  BOOM  EVALUATION  PROGRAM 

INTRODUCTION 

This  write-up  has  been  prepared  for  the  purpose  of  documenting  some 
of  the  physical  measurement  results  to  date  from  XB-70  sonic  boom  flight 
tests  of  Phase  I  and  Phase  II  of  the  Edwards,  California,  Sonic  Boom 
Program  conducted  in  June,  November,  and  December  1966,  and  January  1967. 
Included  are  brief  descriptions  of  the  test  area,  the  instrumentation 
deployment  plan,  the  flight  track,  and  aircraft  operating  conditions, 
as  well  as  presentations  of  sample  data  and  preliminary  conclusions  from 
the  data  analyses  to  date. 

The  objectives  of  the  above  flight  tests  involving  the  XB-70  air¬ 
plane  were  to  verify  the  available  sonic  boom  overpressure  and  signa¬ 
ture  shape  prediction  methods  for  large  aircraft  of  the  supersonic  trans¬ 
port  class  and  to  evaluate  the  effects  of  the  atmosphere  on  the  sonic 
boom  signatures  for  such  a  large  airplane. 

TEST  CONDITIONS 

Data  were  obtained  for  a  series  of  20  flights  of  the  XB-70  air¬ 
plane  for  the  Mach  number  range  1.38  to  2.94,  for  the  altitude  range 
from  31,000  to  72,000  ft,  and  for  a  gross  weight  range  of  about  300,000 
to  420,000  lbs.  Measurements  were  made  of  the  sonic  boom  signatures  at 
the  ground  level  (EAFB  elevation  is  approximately  2300  ft  above  sea 
level)  over  an  extended  area  using  about  65  ground  microphones  and  of 
the  flow  field  near  the  airplane  with  the  aid  of  an  instrumented  probe 
aircraft.  The  nine  ground  measuring  stations  were  positioned  as  shown 
in  Fig.  1  in  order  to  obtain  a  large  number  of  measurements  on  or  near 
the  ground  track  of  the  airplane  and  also  to  define  the  lateral  exposure 
patterns  to  distances  of  about  25  miles  to  each  side  of  the  flight  track. 
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The  airplane  was  flown  under  radar  control  generally  over  the  main 
Edwards  Base  on  a  heading  of  245°  magnetic  for  most  of  the  flights, 
and  on  a  parallel  track  displaced  about  13  miles  laterally  for  the  re¬ 
maining  flights. 


GROUND  MEASUREMENTS 

Samples  of  the  measured  signatures  and  illustrations  of  the  main 
findings  to  date  from  the  ground  measurements  are  presented  in  Figs.  2 
through  8.  Figure  2  presents  tracings  of  typical  sonic  boom  signatures 
measured  at  two  different  lateral  distances  and  for  two  different  flight 
conditions  of  the  airplane.  These  data  are  believed  to  be  representa¬ 
tive  of  those  observed  for  relatively  quiescent  conditions  of  the  atmos¬ 
phere.  The  signatures  on  the  left  relate  to  flights  at  Mach  numbers  of 

about  1.5  and  altitudes  of  about  37,000  ft.  It  can  be  seen  that  the 
signature  measured  on  the  ground  track  is  of  the  so-called  near-field 
variety,  that  is,  it  is  more  complex  than  the  conventional  N-wave. 
Near-field  signatures  of  the  type  observed  are  predicted  for  these 
flight  conditions  bv  Mr.  L.  McLean  using  the  generalized  theory  of  ref¬ 
erence  1.  The  lateral  distance  data  as  illustrated  by  the  bottom  trac¬ 
ing  of  the  signature,  do  assume  the  characteristic  N-wave  form.  The 
data  on  the  right  hand  side  of  the  figure  relate  to  altitudes  of  60,000 
ft  and  a  Mach  number  range  of  1.8  to  2.5.  For  these  latter  conditions 
the  characteristic  N-wave  form  is  observed  on  the  track,  whereas  at 
lateral  distances  in  excess  of  five  miles  there  is  evidence  of  near¬ 
field  effects.  The  reason  for  the  existence  of  an  additional  relatively 
weak  shock  wave  for  these  latter  observer  locations  is  not  fully  under¬ 
stood  at  present,  but  it  may  be  associated  with  the  variable  geometry 
features  of  the  airplane. 

From  data  such  as  those  of  Fig.  2, the  overpressure  values,  as  de¬ 
fined  in  the  figure,  were  determined  for  a  large  number  of  measurements 
at  various  lateral  distances  and  are  presented  in  Fig.  3.  The  data  at 
the  top  of  the  figure  relate  to  four  flights  made  at  37,000  ft  and  a 
Mach  number  of  1.5.  The  data  at  the  bottom  relate  to  13  flights  at 
conditions  of  60,000  ft  altitude  and  the  Mach  number  range  1.8  to  2.5. 
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The  data  points  are  coded  to  represent  the  averages  of  from  3  to  40 
microphones  as  indicated  on  the  figure.  Also  shown  are  calculated 
curves  by  McLean  using  the  generalized  theory  of  reference  1  corrected 
to  a  standard  atmosphere  using  Fig,  13  of  reference  2,  The  cut-off 
points  due  to  atmospheric  refractions,  as  calculated  by  the  method  of 
reference  3,  are  shown  as  vertical  dashed  lines.  It  can  be  seen  that 
the  overpressures  are  a  maximum  on  the  track  and  decrease  with  increasing 
lateral  distance  as  predicted  generally  by  theory.  The  measured  and 
calculated  values  of  overpressure  are  in  good  agreement  with  the  excep¬ 
tion  of  the  region  near  the  lateral  cut-off  where  the  measured  data  are 
seen  to  fall  below  the  theory. 

The  data  points  of  Fig.  3  are  in  all  cases  averages  of  several  in¬ 
dividual  readings  which  for  some  flights  varied  considerably  from  one 
measuring  point  to  another.  The  type  of  variation  observed  is  illus¬ 
trated  by  the  tracings  of  the  sample  data  records  of  Fig.  4.  It  can  be 
seen  that  the  waveforms  vary  from  the  conventional  N-wave  shape  to  in¬ 
clude,  in  some  cases, peaked  wave  forms  as  indicated  at  the  top  and, in 
other  cases, rounded-off  wave  forms  as  illustrated  at  the  bottom.  These 
sample  variations  are  very  similar  to  those  previously  observed  for 
other  aircraft  which  were  smaller  in  size  and  weight  (see  references 
I  and  5).  Varying  wave  shapes  such  as  those  illustrated  in  Fig.  4 
have  associated  with  them  variations  in  the  overpressure  AP,  time  dura¬ 
tion  At,  and  impulse  functions  Iq.  These  latter  data  have  been  tabula¬ 
ted  for  a  large  number  of  flights  and  their  variability  is  illustrated 
in  Figs.  3  through  8. 

In  Fig.  5  are  shown  probability  plots  for  the  overpressure  and  im¬ 
pulse  data  obtained  in  the  three  flights  of  June  1966,  at  the  on-track 
(O  to  about  4  miles)  measurement  stations.  These  flights  were  conduc¬ 
ted  at  M  *  1.3H  at  31,850  ft,  M  •  1.81  at  52,920  ft,  and  M  ■  2.94 
at  72,000  ft.  In  each  case  the  probability  of  equalling  or  exceeding 
a  given  value  of  tht>  ratio  of  measured  to  calculated  quantities  is 
plotted.  It  can  be  seen  that  the  impulse  data  have  generally  less  vari¬ 
ability  than  the  overpressure  data.  This  finding  is  consistent  with 
those  o|  references  t  ami  5.  It  should  be  noted  that  the  ordinate  is 
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FIG.  5  PROBABILITY  OF  EQUALLING  OR  EXCEEDING  GIVEN  VALUES  OF  THE 
RATIOS  OF  MEASURED  TO  CALCULATED  OVERPRESSURES  AND  POSITIVE 
IMPULSES  FOR  XB-70.  Dqio  or*  ior  ih«  Jun*  1966  lima  parish 
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a  cumulative  function  and  hence,  care  should  be  taken  in  interpretation 
of  the  significance  of  the  multiple  data  points  at  the  extremes.  Data 
points  plotted  at  .05  psf  increments  represent  the  cumulative  probability 
of  all  events  having  values  equal  to  or  exceeding  the  value  at  which  the 
point  is  plotted. 

During  the  flight  tests  it  was  noted  that  the  amount  of  variability 
of  the  data  differed  depending  on  the  time  of  year  of  the  measurements. 
This  is  illustrated  for  the  on-track  locations  (0  to  about  2  miles)  in 
Fig.  6  for  the  overpressures.  The  circle  data  points  relate  to  the  June 
1966  time  period, whereas  the  square  data  points  relate  to  the  November 
1966  to  January  1967  time  period.  The  latter  data  relate  to  four  flights 
at  II  i  1.5  at  37,000  ft  and  14  flights  on  the  Mach  number  range  1.8  to 
2.5  at  60,000  ft.  It  is  obvious  that  the  latter  data  have  markedly  less 
variability.  It  is  believed  that  this  is  due  to  the  fact  that  the  at¬ 
mosphere  is  more  stable  during  this  latter  time  period, due, at  least  in 
part, to  the  reduced  convective  heating  in  the  lower  layers. 

The  opportunity  was  also  taken  to  document  the  variability  of  the 
overpressures  for  a  given  set  of  flight  conditions,  but  for  locations 
at  some  distance  from  the  flight  track  as  well  as  for  those  on  the 
flight  track,  and  these  results  are  given  in  Fig.  7.  Data  for  measure¬ 
ment  locations  about  13  miles  oft  the  flight  track  'diamond  symbols) 
are  compared  with  those  on  the  track  (circle  symbols)  for  conditions  of 
60,000  ft  altitude  and  Mach  number  1.8  to  2.5  and  for  the  November  1966 
to  January  1967  time  period.  I-.  addition  to  the  probability  curves 
histograms  are  also  shown  for  Information.  It  can  be  seen  that  the 
probability  distribution  for  the  measurements  obtained  at  dlstancea  out 
to  13  miles  show  larger  variability.  This  is  consistent  with  results 
of  other  flight  tests  (see  reference  <)  and  is  believed  to  be  due  to 
the  longer  ray  paths  traveled  by  the  waves  In  the  lower  layers  of  the 
atmosphere  in  order  to  reach  the  lateral  stations. 

The  data  records  available  for  the  flights  at  60,000  ft  at  M  ■  1.8 
to  2.5  have  also  been  snslyzed  to  evaluate  the  variability  in  the  time 
duration  of  the  waves  since  this  is  of  obvious  importance  in  the  struc- 
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FiC.  6  PROBABILITY  OF  EQUALLING  OR  EXCEEDING  GIVEN  VALUES  OF  THE 
RATIOS  OF  MEASURED  TO  CALCULATED  GROUND  OVERPRESSURES  FOR 
THE  XB-70  AIRCRAFT  FOR  THE  TWO  DIFFERENT  TIME  PERIODS 
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t  ura  1  response  problem,  The  results  of  these  analyses  are  given  in 
Fig.  8.  The  data  at  the  top  of  the  figure  relate  to  the  on-track  con¬ 
dition,  whereas  the  data  at  the  bottom  are  for  the  13-mile  offset  con¬ 
dition,  Th"  At  increment  selected  was  .008  sec.  It  can  be  seen  that 
variations  in  the  time  duration  values  from  about  ,26  to  .32  seconds 
wore  observed  lor  both  measurement  conditions.  These  amounts  of  vari¬ 
ability  are  generally  consistent  with  those  noted  previously  for  smaller 
aircraft  (ret.  6). 


IN- FLIGHT  MEASUREMENTS 

In  order  to  obtain  data  lor  a  critical  test  of  the  generalized 
theory  for  predicting  sonic  boom  wave  forms,  the  opportunity  was  taken 
to  make  in-tligbt  flow  liclJ  measurements  for  conditions  where  atmos¬ 
pheric  effects  are  minimized.  The  XB-70  flow  field  was  probed  with  an 
instrumented  NASA  F-101  aircraft  using  an  instrument  system  of  the  same 
type  .is  was  used  in  reference  7  at  separation  distances  from  2000  to 
jiMio  tt  above  and  below  the  generating  aircraft.'  These  were  accomplished 
on  the  four  XB-70  flights  which  were  conducted  at  a  Mach  number  of  1.5 
at  an  altitude  o|  37,000  It.  Sample  in-flight  wave  forms  measured  for 
these  tests  are  presented  in  Fig.  9  along  with  the  corresponding  ground 
pressure  signature  for  comparison.  It  can  be  seen  that  more  complex 
signatures  are  measured  close  to  the  aircraft  and  that  the  individual 
shock  waves  from  the  aircraft  tend  to  coalesce  as  distance  from  the 
aircraft  increases.  It  can  also  be  seen  that  the  shock  wave  signature 
above  the  airplane  differs  markedly  from  that  below  the  airplane  at  a 
comparable  distance.  This  result  Is  at  least  partly  due  to  the  differ¬ 
ences  tn  the  detailed  geometry  of  the  airplane  and  In  the  manner  in 
which  the  volume  and  lift  components  interact.  The  analyses  of  these 
latter  data  have  not  been  completed  as  yet;  however,  it  is  planned  to 
compare  them  with  comparable  theoretical  calculations  involving  the 
known  operating  conditions  of  the  airplane.  Particular  attention  will 
lie  given  t«  the  comparable  eases  above  and  below  the  airplane  where 
the  lift  ami  volume  components  combine  in  a  markedly  diflerent  manner. 
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FIG.  8  HISTOGRAMS  SHOWING  THE  VARIABILITY  OF  THE  TIME  DURATION  VALUES 

OF  THE  sonic  boom  signatures  OF  the  XB-70  airplane  at  two 
LOCATIONS  RELATIVE  TO  THE  GROUND  TRACK 
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CONCLUDING  REMARKS 


The  signature  shape  variations  ant)  the  associated  variations  in 
overpressures,  impulses, and  time  durations  are  similar  in  nature  to 
those  observed  previously  for  smaller  airplanes.  Variability  in  the 
above  quantities  was  markedly  greater  in  June  than  in  the  November- 
January  time  period  and  is  thus  believed  to  be  related  to  atmospheric 
effects.  For  cases  where  a  large  number  of  overpressure  data  points 
are  available,  the  average  measured  values  correlate  well  with  current 
theory. 
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Annex  C 
Part  III 

SUMMARY  Of  CRUCIFORM  DATA 

Table  C-III-1  for  Phase  1  of  the  Edwards  experiments  and  Table  C-III-2 
for  Phase  II  give  the  listing  of  measured  quantities  in  order  of  mission 
number  for  each  of  the  cruciform  microphones.  The  map  of  the  cruciform 
is  Fig.  A-2.  Th~  quantities  measured  are  illustrated  in  Fig,  A-5, 
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Table-  L-IJ1-1  (Cunt  iiiut'il) 


D-.tc 

m 

A  i  re  ru  f  t 

Ait  1  tuck* 
ft 

Much 

No. 

Microphone 

No. 

*P  2 

At 

Jil'C  . 

Hist*  Time 

see. 

6-8-66 

42-  A 

B-58 

43.260 

1.67 

MLC-l 

_ 

— 

MLC-5 

2.09 

.179 

,009 

Mix:- 6 

1.1H 

-- 

-- 

MLC-2 

2.73 

.179 

,006 

MLC- 3 

2.31 

.  179 

,0035 

MLC-  1 

2.06 

.179 

,00N 

73-A 

B-58 

31 , 200 

1.5 

MLC-l 

_ 

-- 

— 

MLC-  5 

2.35 

.147 

.0155 

MI  JC-6 

1.23 

— 

-- 

MLC-2 

2.23 

.147 

.011 

MLC- 3 

2.16 

.014 

MLC-l 

2.23 

.016 

4 1 —A 

B-58 

43,200 

1.6 

MLC- 1 

-- 

_ 

MLC- 5 

1.74 

.166 

.006 

MLC- 6 

,963 

— 

MLC-2 

3,03 

.166 

.005 

MLC- 3 

1.82 

.166 

.006 

MLC- 4 

1.91 

.167 

.006 

72-A 

B-  58 

31,200 

1.19 

MLC-l 

-- 

— 

-- 

MLC- 5 

2.96 

.144 

.006 

MLC- 6 

1.58 

— 

-- 

MLC-2 

2.88 

.145 

.004 

MLC- 3 

3.21 

.144 

.002 

MLC-  1 

2.55 

.145 

.004 

57- RB 

B-58 

37,600 

1.66 

MLC-l 

_ 

— 

— 

MLC- 5 

1.78 

.  161 

.023 

MLC-6 

.832 

-- 

— 

MLC-2 

2.18 

.162 

.003 

MLC- 3 

1.51 

.163 

.030 

MLC-l 

1.67 

.162 

,0085 

80- RB 

B-58 

31  ,:im> 

i .  in 

MLC-l 

— 

-- 

— 

MLC- 5 

2.52 

.161 

.005 

MLC-6 

1.31 

— 

-- 

■MLC-2 

2.58 

.160 

.014 

MLC- 3 

2.61 

.  160 

.0075 

MLC- 4 

3.15 

.161 

,0025 

56- RB 

B-58 

13 .0  10 

1.61 

MLC-l 

-- 

-- 

MLC- 5 

2,61 

.171 

.004 

MLC-6 

1.  10 

— 

-- 

MLC-2 

2.08 

.171 

.0135 

MLC- 3 

1.90 

.169 

,008 

MLC- 4 

2.06 

.171 

.0063 

87- RB 

B-58 

31 ,110 

1.  19 

MLC-l 

_ 

... 

MLC- 5 

3.09 

.  148 

,0175 

MLC-6 

1,66 

-- 

-- 

MLC-2 

1.27 

.1  IK 

,OOI 

MLC- 3 

2.81 

.  118 

,006 

MLC-l 

3.  19 

.148 

.017 
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Table  C-III-l  (Continued) 


ll.lt  V 

MHslon 

Nm. 

Aircraft 

Alt i tudc 

rt 

rjw« 

■a 

Microphone 

So. 

H 

mi 

6-  8-  66 

55- UB 

n  :>h 

13,200 

1.6-1 

mlc-i 

MLC  5 

2.18 

.171) 

MLC-6 

1.71 

mBm 

xa.c-2 

I 

xn.c-3 

mwm 

Ha 

MIX!-  1 

Kyi 

.  169 

86-KB 

B-58 

31 .360 

1 .  19 

«.C-1 

1 

-- 

MLC- 5 

2.87 

.w 

MIC  -6 

1.62 

-- 

MLC- *2 

2.63 

.  Ill 

MLC- 2 

3.03 

.  Ill 

MLC-  1 

2.  IK 

.  Ill 

6-9-66 

86-SRB 

B  58 

31 ,000 

1.5 

MLC-l 

.153 

MLC -5 

-  1 

.  153 

MLC-6 

B'r' 

-• 

MLC- 2 

.153 

xn.c-a 

.152 

mlc- 1 

::.3i 

.  1525 

55-SRI1 

B  >8 

35,720 

1.69 

MLC- 1 

1.  12 

.  1395 

MLC- 5 

l.  16 

.1395 

MLC-6 

.71 

.  -- 

MI.C-2 

1.  13 

.  1  105 

MLC -3 

1.75 

.1395 

MLC-  1 

1 . 56 

.  1  105 

87-SRB 

B  58 

31  ,iHH> 

1.53 

MLC-l 

3.02 

.117 

MLC- 5 

2. 93 

.116 

MIC- 6 

1 . 58 

-- 

MI.C-2 

3.12 

.1155 

MI.C- 3 

3.72 

.  1  165 

MLC  l 

1.02 

.  116 

56  SHH 

0  58 

13.300 

1.72 

mlc- 1 

:t.  11 

.  1605 

MLC- 5 

2.61 

.161 

MLC-6 

1.31 

-- 

MLC  2 

2.  16 

.1615 

MLC -3 

2.  !0t 

.163 

vac- 1 

2.63 

.161 

so  SIM 

11-58 

It 

1 . 53 

MIC  •  l 

2.  79 

.1105 

Mlc5 

3.13 

.no 

MLC-6 

3.  IK 

- 

MIC- 2 

2.  16 

MIC-J 

3.61 

•  IU> 

MIC- 1 

2.63 

•  llul 

.m'SM’J 

(t  »s 

13.  ;»8« 

1. 7o 

VIC  1 

l.M> 

.  i  j#*.* 

MIC- 5 

1.16 

.  1  195 

l#C-0 

.  83s 

-  - 

MIC- 2 

1.99 

.  1** 

MLC- 3 

3.12 

.13«> 

MiC  1 

1.91 

.  15o 

Rise  Time 
sec. 


.003 

.0125 

.0015 

.0055 


.009 

.Oil 

-OU55 

.006 

.0055 

.005 

.00  15 

.005 

.001 

.132 

.030 

.030 

.0085 

.o:y 

.015 

.006 

,  ih»  :» 
.006 
.001 

.002 

.003 

.0035 

.0073 

.001 

.00*'* 

.007 

.021 

.003 

.021 

.mm3 

.0053 

.012 

.uo* 

.om 


Table  C-IU-1  (Continued) 


Date 

Mission 

No. 

41  rc  raft 

A1 1 1 tudo 

rt 

Mach 

No. 

Mi  erophoni* 
No. 

*p  2 
ib/tr 

sec. 

Rise  Time 

sec. 

6-9-66 

Il-SA 

B-58 

•12,920 

1.52 

KLC-l 

1.75 

.180 

.011 

SOX- 5 

2.93 

,  1805 

.001 

sax- 6 

1.71 

-- 

— 

SOX- 2 

1.79 

.1805 

.005 

sax- 3 

3.23 

.181 

.0045 

sax-i 

2.19 

.1805 

,002 

73-  SA 

B-S8 

31,720 

1.50 

KIX-l 

3.05 

.  156 

.017 

KLC-5 

2.83 

.1555 

,0043 

MIX- 6 

1.17 

— 

sax- 2 

2,69 

.155 

,0045 

sax- 3 

3.61 

.155 

.014 

sax-t 

2.76 

.155 

,018 

42-SA 

B-58 

•13,080 

1.52 

sax-  i 

1.S9 

.1755 

.015 

sax- 5 

2.01 

.176 

.018 

SOX- 6 

1.21 

-- 

— 

MX-2 

2.23 

.176 

.005 

sax- 3 

2.19 

.176 

.0175 

KLC-l 

2,08 

.176 

.0015 

75-SA 

B- j« 

31,680 

1.55 

sax-i 

3.68 

*149 

.003 

sac- s 

4.01*/3.34 

.1485 

.001  V.  005 

sac-6 

1.M1 

— 

— 

KLC-2 

2.99 

.1488 

.003 

sac- 3 

1.21 

.1485 

.012 

sac- 1 

3.78 

.149 

.004 

Not 

c  72 

-SA  Aborted 

43-SA 

B-V8 

13,000 

1.68 

sax-i 

3.50 

.157 

.  .003 

SOX- 5 

2.35 

.  1565 

.001 

sax  6 

1.17 

-- 

SOX-3 

2.99 

.157 

.004 

sac- 3 

2.3! 

.157 

.001 

KLC-1 

3.01 

.157 

.002 

42-SA 

B-5H 

13,300 

1.70 

KLC-l 

1.87 

.1645 

.<W7 

SOX- 5 

2.U7 

.  16S 

.011 

sax -6 

1.01 

— 

— 

sax- 2 

1,06 

.1645 

.017 

SOX-3 

2.05 

.1633 

.011 

SOX- A 

1.81 

.ISM 

.013 

I6-6A 

B-58 

12.900 

1 . 68 

8LC-1 

1.89 

.156 

•  022 

10X-5 

1.89 

.1555 

.008 

10X-6 

,973 

— 

SOX- 2 

3.16 

.  1565 

.  •  ,rscx 

sac- 3 

2.83 

.156 

-.006 

IOX-1 

U97 

.1465. 

.0305 

n-u 

31.330 

1.53 

S0X1 

3.19 

.1455 

.0145 

KLC-0 

2.36 

•  145 

.016 

■  KX-6 

1.17 

- 

- 

•  SOX-,* 

1.89 

.114 

,-3085 

KLf-3 

2.57 

15 

.olf 

SOX-I 

2. 16 

.  1455 

.01* 

Tiibh-  C-II I  -i  (Cent  i uui'H) 


Oat<> 

6- 13-66 


Mi  sshm 
No, 

A 1  re  ra  f  t 

AJ  t  i  tilde 

ft 

Much 

No. 

.Mi  c  rophone 
No. 

'P  2 

lb/ft2 

At 

see . 

Rise  Time 

sec. 

18-A 

n-r>« 

27,710 

1.61 

w.c-i 

2.39 

.005 

MLC -5 

3.36^/2.77 

.OOOl/.OOOH 

MLC-  0 

1.H3 

MM 

MLC-  2 

2.71 

.  160 

.0033 

sn.c-3 

2.H3 

.160 

.0003 

mlc- 1 

2.78 

.160 

.00  1 

1H-B 

0-  58 

19,600 

1.66 

MLC-  1 

2.  16 

.1933 

.0005 

mlc- 5 

1 . 96 

.  1933 

.005 

MLC-  6 

1.01 

— 

— 

MLC  -  2 

l.KH 

.195 

.0055 

MLC- 3 

2.00 

.  1935 

.007 

mlc- 1 

2.31 

.1935 

.0035 

21-A 

n-38 

37,*  lo 

1.69 

MLC-  t 

3.00 

.1155 

.0005 

mlc- 5 

2.  33 

.1 16 

,0065 

mlc -6 

1.31 

-- 

-- 

MLC -2 

2.76 

.1 16 

.0035 

mlc- 3 

2.98 

.1 16 

.00  1 

MI.C-  1 

2.91 

.116 

.003 

21-B 

B-r»8 

•19, 160 

1.72 

MLC-  1 

1.83 

.195 

.00  13 

sn.c-:> 

1.81 

.  193 

.00  1 

MLC-0 

.  936 

**** 

— 

MLC- 2 

1.83 

.1913 

.00-13 

MLC- 3 

1.98 

.193 

.001 

MLC-  1 

2.03 

.193 

.0015 

29- A 

B-58 

19 , 300 

1.67 

MI.C- 1 

1.83 

,193 

.0055 

MLC-  :> 

2.01 

.193 

.0035 

MLC-  4; 

1.0  i 

MLC- 2 

1.73 

.1933 

.001 

MLC- 3 

2.03 

.193 

.1*155 

MLC-  1 

l.KI 

,*953 

.013 

2»- n 

38.1  10 

1.07 

MLC- 1 

3..ii*  3.93 

.136 

.0002*/.  001 

VO.C-5 

3.07 

.  136 

.(Mi  15 

MLC-0 

1,32 

-- 

-- 

MLC- 2 

2.3K 

.  1535 

.0035 

M..C-3 

3.66 

.  156 

.009 

MU'-  1 

3.33*  3.23 

.136 

.0002*'  .001 

pi® 

n-i* 

I9;k3o 

l.»>» 

Ml*'- 1 

1 . «;.*  i.«u 

.1825 

.0003  /.005 

mlc -5 

1.91 

.1825 

.1*15 

MLC- 6 

1.  10 

-- 

-- 

MLC  2 

1.91 

.  1*23 

,  IHI 1 

MIX'-  3 

1.91 

.1*2 

.<*>) 

Mir- 1 

1.93 

.  1*23 

.  OO  1 

.12-11 

JH.OJMI 

t.07 

xa.c-1 

2.31 

.119 

.013 

MLC- 3 

i.  8‘  2.  r«o 

.  1 19 

.1**12  .<*>1 

Mir-  6 

1,  31 

.  . 

Mir- 2 

.119 

.1*11 

•*jc  3 

2.311 

.119 

.003 

MI.C-  1 

it.  »6 

.  1  »•• 

.00.13 

C  ill  * 


Tabic  C-I1I-1  (Continued) 


m 

Mi  ssitm 
No. 

Aircraft 

A1 1  i  tilde 
ft 

Mach 

No* 

Mi  crophoiic 
No. 

An 

lb/ ft2 

At 

see. 

Rise*  Time* 

sec. 

0-20- 1>*> 

-1H-A 

B-58 

-a  ,;«><> 

1,55 

MI.C-1 

2.71 

,  179 

,005 

MLC-5 

2,  lit 

.179 

,001 

m£‘t} 

1.  HI 

-- 

-- 

m.c-2 

2.52 

.1785 

,003 

SIC- 3 

2.GH 

.179 

,005 

MLC-I 

2.93 

.  1775 

,005 

79-A 

D-5H 

32,1181 

1.  15 

MLC-  1 

2.57 

.  1535 

,002 

MLC-5 

2.52 

.  1535 

,00*1 

MLC-G 

1,37 

-- 

-- 

.MLC- 2 

2.27 

.1535 

•  «RM5 

MLC- 3 

2, 31 

.1535 

.005 

S8X-1 

2.50 

.1535 

,*H)5 

53- A 

B-  58 

*13 ,700 

1,59 

•MLC- 1 

1.  19 

.1755 

,026 

MLC-5 

1.  19 

.1755 

,020 

MLC-U 

.  388 

— 

*- 

MLC- 2 

1,39 

.1755 

.1)21 

■MLC- 3 

1.3-1 

.175 

.023 

.MLC-  1 

1.  13 

.1755 

.021 

8  1-A 

H-  58 

31,220 

1.-13 

MLC- 1 

2,  (3H 

.  1115 

.0015 

MLC-5 

2,58 

.IMS 

.017 

MLC- 6 

1.37 

— 

— 

MLC- 2 

2.3fi 

.1  113 

,001 

MLC- 3 

2,<»G 

.1-11 

.0155 

MLC-I 

2.59 

.1115 

.019 

51-A 

B-5K 

13,000 

1.39 

MLC-  1 

1.38 

.let 

,00(15 

MLC-  5 

1.31 

.  1635 

.0073 

MIX- 6 

.718 

-- 

— 

MLC- 2 

1 .  :n* 

.  161 

.005 

MLC- 3 

1.  12 

.1615 

.0055 

MX-  I 

1.  19 

,  1615 

.0065 

39-11 

n-:>* 

I3.3UO 

mi 

SB.C-  1 

2.31 

.2175 

.007 

MLC-5 

3.31 

.2176 

.010 

MIC-G 

t.ol 

-- 

MLC-2 

2.21 

.218 

.005 

MLC- 3 

2.21 

.218 

.0075 

MLC-  1 

2.  17 

.2175 

.0015 

98- n 

B- 38 

31. 3  H> 

l,5o 

MLC-I 

3.27 

•  15  53 

.0025 

sax-  :• 

3.0 1 

.1333 

.1X13 

sax- 6 

1.5H 

-- 

-- 

»ax-  4 

2.71 

.1315 

.001 

HX-3 

3.25 

.  1513 

•001$ 

sax-i 

2,  SMS 

.15)5 

,00  1 

u)-0 

No  Him 

m 

w-n 

3I.NIMI 

1.15 

sax  l 

2.71 

.113 

sox-J 

2.  hi 

.  1  15 

.0133 

sOX-b 

1.31 

- 

.. 

in 

2.6" 

.  1  155 

.mu 

sax- 3 

1.  lb 

.  t  15 

.002 

_ 

sax- 1 

2.*«2 

.  »  15* 

.01) 

Tahir  r-MI-l  (t'oi  I  inner 


.Mt  ss  mi) 
Nn. 

A1  iv  raft 

Alt!  tu<lc 

ft 

Mach 

No, 

Microphone 

No. 

‘  0 

lb/It2 

*t 

see. 

Rise  Time 

sec . 

83-A 

U-  >K 

32.  J2Ji 

1 .  i:» 

mm 

.113 

.016 

Mir-  5 

SIS 

.  M2 

.0115 

MLC- IS 

1.27 

-- 

— 

snr-2 

2.33 

.  1135 

.0115 

MLC- 3 

2.06 

.112 

.011 

wx- 1 

2.. IK 

.  1135 

.016 

<>3~n 

n-;>H 

:i2,  Mtl 

i . :»;» 

mlc- 1 

2.  IH 

.  1  115 

.005 

MLC- 5 

2.86 

.  1  lid 

.008 

1.  17 

-- 

— 

2.  HI 

.1  115 

.013 

3.92 

.111 

.006 

MLC-  1 

3.32 

.  1103 

.0013 

HJI-B 

B-:;K 

;il,7i»o 

i.i<> 

MLC- 1 

2. HI 

.  151 

.01H 

MLC- 5 

2.63 

.1513 

.007 

MLC-lS 

1.  115 

-- 

— 

MLC- 2 

3.00 

.132 

.(Ill 

11LC- 3 

2. 67 

.131 

.013 

MIC-  1 

2. OH 

.  1515 

.012 

:>h-  r 

B-5H 

13,4*10 

1.(57 

MLC-  1 

1.03 

.  175 

.006 

MX- 3 

2.20 

.  1713 

•002 

mlc-*> 

1.26 

-- 

— 

MLC-2 

1.33 

•  173 

.012 

mix-3 

1.70 

.1713 

.002 

MLC-  1 

1.91 

.173 

.0073 

!»*»-  B 

II-oH 

31.700 

1.  17 

MI.C-  1 

2.66 

.1  IH3 

.023 

MLC- 

3.31*3. 1(5 

.  1  19 

/.007 

MLC- <5 

1 .  "H 

— 

-- 

MI.C-  2 

2.71 

.  1  1X3 

.002 

MIX- 3 

3. 19 

.  1  IH5 

.0015 

MIX-  1 

3.  HO 

.1  IK 

.00-1 

66- II 

n-s* 

3‘1.M00 

1 . 3!» 

MI.C-  1 

1.1M 

.1(57 

.025 

mlc- 5 

1.1(5 

.  1(575 

.006 

MLC-  li 

.373 

-- 

-- 

MLC- 3 

1  .OH 

.11575 

.0135 

MIX-  3 

i.i  t 

.1(57 

.4125 

MLC-  1 

1.19 

.1663 

.t>30 

ii'  r»« 

31 ,7U> 

I.  1(5 

MI.C- 1 

3.33 

•  MT 

.0025 

mlc- :» 

2.  ‘Hi 

.11(53 

.001 

MIX- (5 

1 . 30 

-- 

-- 

MI  X  3 

2.  1>5 

.  1  1155 

,4103 

MIX- 3 

2.  IH 

.MU 

.41141 

mlc  i 

3.31 

.  1  K55 

,4H»;» 

»»M-n 

»*  .>* 

1  1  ,4»kO 

1.62 

*41.4  - 1 

1.32 

.  1*573 

.4813 

MIX  5 

1.  II 

.1*57 

.007 

MIX'  <5 

.  732 

-- 

Mia*  2 

l.2» 

-- 

.012 

*41-4*  .1 

1 . 3 » 

.1*57 

.will 

MIX  1 

i.  n 

•  1 663 

,4M»| 

4  lll*l«  = 


Table  e-IIl-1  (Cbtiti.iUcU) 


Mission 

No, 

Aire  ?aft 

Altitude 

ft 

Mach 

No. 

Microphone 

No, 

m 

At 

sec. 

Rise  Time 

sec. 

69- B 

B-58 

39,440 

1.39 

HLC-1 

1.53 

.1855 

.023 

KLC-5 

1.59 

,  1B6 

.008 

MLC-6 

.837 

-- 

— 

MLC-2 

1.58 

.1855 

.018 

KLC-3 

1.80 

.1855 

.016 

MLC-4 

1,66 

,1855 

.013 

48-A 

B-58 

43,140 

1.60 

MLC-1 

1.45 

.178 

.003 

MLC-5 

1,57 

.1775 

.026 

MLC-6 

.785 

— 

-- 

MLC-2 

1.16 

.1775 

,011 

KLC-3 

1,81 

,177 

.002 

MLC-4 

1,44 

.1775 

.022 

40-A 

B-58 

43,840 

1.65 

MLC-1 

1.55 

.171 

.012 

MLC-5 

1,77 

.171 

.006 

MLC-6 

1.05 

-- 

— 

MLC-  2 

1.87 

.171 

.005 

MLC-3 

1.88 

.1705 

.009 

MLC-4 

1.96 

.171 

.0065 

60- B 

B-58 

43,940 

1.64 

MLC-1 

1.55 

.165 

.007 

MLC-5 

1.46 

.165 

.013 

MLC-6 

.759 

— 

— 

MLC-2 

2.24 

.1655 

,004 

MLC-3 

1.43 

.1655 

.017 

MLC-4 

1.82 

.165 

.0095 

61-B 

B-S8 

43,360 

1.63 

MLC-1 

2.46 

.1825 

.0'« 

MLC-3 

2.05 

.1813 

.011 

MLC-6 

1.10 

— 

— 

MLC-2 

3.32 

.1813 

.0035 

MLC-3 

1.93 

.1803 

.030 

ItC-  4 

2.38 

.181 

.007 

101-B 

B-58 

31.700 

1.5 

MLC-1 

2.68 

.1483 

.019 

MU-3 

2.68 

.1483 

.015 

ICC -6 

1.39 

— 

« 

ICC- 2 

2.49 

.148 

.019 

ICC- 3 

2.72 

.149 

.001 

ICC-4 

2.76 

.1463 

.020 

BS-A 

B-5B 

31.700 

1.3 

ICC-1 

2.23 

.146 

.023 

ICC- 3 

3.74 

.146 

.030 

1CC-3 

1.37 

-- 

-- 

ICC- 2 

2.64 

.1433 

.009 

MU-3 

2.33 

.146 

.003 

MLC-4 

3.13 

.1453 

.007 

2B-A 

B-58 

37  ,tW0 

1.83 

ICC-1 

3.26 

.162 

.013 

MU-3 

2.73 

.163 

.0118 

ICC- 6 

1.43 

— 

-• 

MU-2 

3.36 

.163 

.0345 

ICC -3 

3.29 

,1623 

.006 

MU-4 

3.62 

.162 

.017 

WU'MIM  (Ctntinw:) 


it* 


23-66 


-(Ki 


Mission 

No. 

Aircraft 

Altitude 

ft 

Much 

No, 

Microphone 

No, 

srr. 

Rise  Time 

see. 

1 7- A 

B-58 

3t,euo 

1.64 

MLC-1 

2.38 

BE! 

,0035 

HLC-5 

2.21/2.37 

HBM 

,005/,mi65 

MLC-0 

1.17 

■Bfl 

— 

KLC- 2 

2.17/2.22 

.162 

,010/,  014 

KLC-3 

2.35 

.162 

,0045 

KLC-1 

2,92 

,162 

.04)1 

22- B 

B-58 

13,360 

1,67 

KLC-1 

1.13  I.  13 

.  1685 

,0025/. 016 

MLC--5 

1.  16 

.168 

.0065 

KLC- 6 

.859 

— 

— 

KLC- 2 

1.53/1.87 

,168 

,0025/, 0055 

KLC-3 

,877/1.60 

.168 

.002/.010 

KLC- 4 

1.76 

,168 

,0055 

31- A 

B-5N 

37, 180 

1.64 

KLC-1 

1.11/1.92 

.155 

.0025/. 016 

KLC- 5 

1,80  1.95 

,155 

.007  .011 

KLC- 6 

,990 

— 

-- 

KLC- 2 

2.12 

.155 

,006 

MLC-3 

2.03 

.154 

.008 

KLC-  1 

1.79  1.90 

.155 

.0015/. 015 

33-A 

B-58 

43,200 

1.64 

KLC- 1 

1.20 

.163 

.005 

HLC-5 

1.20  1.28 

.164 

,004/. 007 

KLC- 6 

.755 

— 

— 

KLC- 2 

1.03  1.26 

.162 

.0055/. 013 

MLC-3 

.701  1.25 

.163 

.002/. 013 

KLC-  1 

1.30 

.164 

.006 

20- B 

B-58 

37 ,  WO 

1. 61 

MLC-1 

1.67  1.93 

.159 

.00 6/. 019 

KLC- 5 

1.H8 

.159 

.005 

MLC-6 

1.07 

, - 

— 

KLC- 2 

1.97  2.27 

.159 

.003/. 013 

MLC-3 

2.26 

.1595 

.007 

MIX- 4 

3.17 

.159 

.0095 

36- B 

B-5t> 

37 , 4tH> 

1.66 

SILC-l 

4.37 

.160 

.015 

HLC-5 

5.11 

.1605 

.006 

MLC-6 

2.69 

— 

— 

HLC-2 

4.21 

.160 

.0025 

KLC-3 

7.65 

.1595 

.005 

MX- 1 

6.13 

.160 

.005 

6X-2 

B-58 

43,120 

1.67 

KLC-1 

1.61 

.  168 

.019 

HLC-5 

1.52 

.168 

.019 

3X- « 

— 

-- 

-- 

MX- 2 

3.27 

.168 

,006 

MX- 3 

1.51 

.1675 

.0135 

MLC-1 

2.01 

.168 

.0135 

2 

»•- id  i 

Ho  Trac 

kill* 

KLC-1 

1.19 

.087 

MX- 5 

1.16 

.087 

MX- 6 

.623 

-- 

' 

MX- 2 

1.30 

.087 

MX- 3 

1.3U 

.087 

MLC-S 

1.01 

.087 

l-l II  II 


Table  C-1I1-1  (Continued) 


r 

Date 

Mission 

N<». 

Aircraft 

Altitude 

ft. 

Mach 

Microphone 

No, 

*P 

lb/ft2 

m 

Rise  Time 

sec , 

6-15-66 

IX-B 

F~  10*1 

26,140 

1,5 

MLC-l 

1.32 

.079 

.009 

■  Z>i  ,v- 

1.50 

.079 

.005 

•  831 

,  -- 

-- 

MLC-2 

1.62 

,0785 

.0005 

MLC-3 

1.36 

.079 

.0055 

MLC-i 

1.52 

,0785 

.0055 

2X-A 

F- 10-1 

29,700 

1.32 

MLC-l 

1,62 

,090 

.014 

MLC-5 

1.63 

,090 

.0115 

MLC-6 

— 

-- 

-- 

MLC-2 

1.55 

.0905 

,00? 

MLC-3 

1.69 

.090 

.009 

MLC-l 

1.76 

.0905 

.0125 

2X-B 

F-101 

11,080 

1.20 

■MLC-l 

4.27 

,079 

.0035 

MLC-5 

•1.  14 

.079 

,004 

KLC-6 

2. 13 

-- 

— 

MLC-2 

4,30 

.079 

.004 

MLC-3 

4.40 

,0795 

,004 

MLC-l 

4.30 

.079 

.0035 

3X-A 

F-101 

29,100 

1.58 

MLC-l 

1.15 

.075 

.0135 

MLC-5 

1.19 

.0735 

.0105 

MLC-fi 

.631 

— 

— 

MLC-2 

1.39 

.0715 

.0105 

MLC-3 

1.20 

.0755 

.008 

MLC-l 

1.23 

.075 

,0095 

3X-B 

F-  10  1 

14.200 

1.15 

MLC-l 

2.35 

.077 

.006 

MLC-5 

2.28 

.077 

.006 

MLC-6 

1.20 

— 

— 

MLC-2 

2.10 

,077 

.0115 

MLC-3 

2.29 

.077 

.010 

MLC-l 

2.17 

.0775 

006 

IX-A 

F-  104 

M  ,060 

1.28 

MLC-l 

3.38 

.0675 

.0015 

MLC-5 

3.28 

.0685 

.0055 

MLC-6 

1.69 

— 

— 

MLC-2 

3.20 

.0675 

.0035 

MLC-3 

3.19 

.0675 

.0035 

MLC-l 

3.  19 

.0675 

.0035 

IX-B 

F- 104 

29.880 

1.62 

MLC-l 

3.29  2.56 

.078 

.0003/. 004 

MI.C-5 

2,41 

.0765 

.0045 

MLC-6 

1.20 

-- 

MLC-2 

2.26 

.077 

.0045 

MLC-3 

2.41 

.077 

.005 

MLC-l 

2.46 

.0775 

.0035 

6-16-66 

27-A 

F-101 

29,300 

1.65 

MLC-l 

1.28 

.075 

.0053 

MLC-5 

1.48 

.075 

.004 

MLC-6 

.797 

. 

-- 

MLC-2 

1.51 

.073 

.ooi 

SIC- 3 

1,45 

.075 

.0033 

iac-4 

1.52 

.073 

.004 

e-m-is 
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Table  C-lIt-1  (Concluded) 


Dulr 

Mission 

No. 

A  l  rc  ra  f  t 

A1 t 1 tude 
ft. 

iP  2 
ib/rtz 

At 

SPC. 

Rise  Time 

sec. 

6-  2.’l  -(16 

F- 10 1 

29,6-10 

1.55 

HLC-1 

1.99 

.081 

— i 

MLC-5 

1.70 

.0H1 

MLC-6 

.806 

-- 

■HH 

MLC-2 

3.33 

.082 

.0075 

MLC-3 

1.17/1.56 

.0815 

.009/. 0205 

MLC  -1 

1.70 

.081 

.0135 

*  Moved  into  backyard  of  concrete  blockhouse  after  June  6,  1966. 
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FULL-RANGE  AND  AUDIO  PRESSURE  MEASUREMENTS 


The  waveforms  of  Figures  1  and  2,  provided  by  NASA- Langley ,  show 
several  phenomena  related  to  the  expected  response  of  people  to  sonic 
booms  heard  outdoors.  The  following  comments  on  these  waveforms  are  baaed 
on  a  presentation  by  Mr.  Harvey  Hubbard  of  the  NASA  Langley  Research 
Center. 

NASA-Langley  used  a  B&K  microphone  with  a  direct  record  card  to 
give  the  200-Hz  to  10- kHz  response  shown  in  the  second  waveform  from  the 
top  In  Fig.  1.  We  shall  refer  to  this  microphone  as  the  audio  mike. 

The  audio  mike  was  mounted  on  a  stand  5  ft  above  the  ground  within  a  few 
Inches  horizontally  of  the  loading  microphone  MLC-3  that  was  used  to  re¬ 
cord  the  top  wave  form  in  Fig.  1.  The  time  scales  are  the  same  on  both 
of  these  waveforms  from  Mission  NO.  7-3.  The  beginning  of  the  audio  re¬ 
cord  is  coincident  with  the  bow  shock  on  the  full-range  waveform.  Note 
that  the  start  of  the  audio  record  has  two  sharp  peaks:  the  first  is 
from  the  incident  shock  and  the  second  is  from  the  bow  shock  reflected 
from  the  ground.  No  measurable  audio  pressure  coincides  with  the  re¬ 
latively  slow  pressure  rise  Just  after  the  zero  crossing  on  the  full- 
range  waveform.  The  audio  pressure  from  the  tail  shock  is  about  one-third 
that  from  the  bow  shock.  This  difference  is  partially  due  to  the  dif¬ 
ference  in  amplitude  of  the  bow  and  tall  shock  noted  on  the  figure.  There 
may  also  be  a  difference  in  rise  times  of  the  bow  and  tall  shock.  On 
the  bottom  two  waveforms  of  Fig.  1  from  Mission  No.  8-3,  the  rise  time  of 
the  bow  shock  is  13  milliseconds  longer  than  the  4  milliseconds  for 
Mission  No.  7-3  at  the  top  of  the  figure.  The  audio  peak  for  Mission  8-3 
is  considerably  smaller  than  it  was  for  Mission  7-3  as  one  would  expect 
since  the  longer  rise  time  corresponds  to  less  high-frequency  energy. 

Note  that  the  noticeable  rise  near  the  middle  of  the  waveform  from 
Mission  No.  8-3  shows  no  corresponding  audio  peek.  The  tail  shock  from 
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Mission  No.  8-3  shows  a  very  small  audio  peak.  This  peak  would  probably 
not  be  hoard  by  an  outdoor  observer.  Although  two  distinguishable  bangs 
from  an  outdoor  sonic  boom  are  usually  heard,  it  is  possible  that  on  some 
occasions  only  the  bow  shock  may  be  heard.  Particularly  for  the  B-70 
the  tail  shock  is  likely  to  have  a  longer  rise  time  and  therefore  a  lower 
audio  peak. 

In  Fig.  2,  waveforms  from  an  F-104  and  the  XB-70  are  compared  for 
Mission  16-2  and  16-3  flown  a  few  minutes  apart.  The  effect  of  reflection 
from  the  ground  on  the  full-range  waveform  is  shown  for  both  aircraft  by 
the  waveform  from  the  microphone  at  20-ft  elevation,  MLC-6.  Note  that 
the  audio  peaks  for  the  F-104  are  very  nearly  equal  in  size  for  the  bow 
and  tall  shocks.  The  bow  and  tail  shocks  on  MLC-3  for  the  full-wave 
waveform  have  very  nearly  the  same  amplitude  and  rise  time  for  this  air¬ 
plane.  The  audio  record  for  the  bow  shock  of  the  XB-70  is  slightly 
smaller  than  the  oudio  record  for  the  F-104  even  though  the  full-range 
waveform  has  a  larger  amplitude  for  the  XB-70.  The  slight  difference 
is  probably  caused  by  a  slight  difference  in  rise  times,  4  milliseconds 
for  the  F-104  and  5.5  milliseconds  for  the  XB-70.  Note  thet  the  audio 
record  for  the  tall  shock  on  the  XB-70  is  considerably  smallor  than 
that  for  the  bow  shock  as  in  Fig.  1. 
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FIG.  C-IV-1  XB-70  OVERPRESSURE  MEASUREMENTS 
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FIG.  C-IV-2  MEASURED  OVERPRESSURE  SIGNATURES 
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METEOROLOGICAL  INVESTIGATIONS 
ENVIRONMENTAL  SCIENCE  SERVICES  ADMINISTRATION 

SUMMARY  RESULTS 

Following  the  Phase  I  Edwards  Tests,  ESSA  was  asked  to  participate 
in  the  planning  and  execution  of  the  follow-up  Phase  II  Tests  to  the 
extent  that  leadtime  and  recognition  of  the  basic  problems  permitted. 

The  program  that  was  developed  is  outlined  in  Annex  A,  Operational  Test 
Plan,  and  essentially  covers  a  minimal  effort  to  obtain:  (1)  detailed, 
low-level  (10  and  90  feet  above  the  ground)  turbulence  statistics  in 
the  immediate  area  of  the  surface  overpressure  measurements  (Site  9 
array);  (2)  data  on  the  existence  of  waves  on  lower  troposphere  inver¬ 
sion  surfaces,  as  a  possible  mechanism  for  selective  focussing  of  sonic 
booms,  and  (3)  the  area  distribution  and  variability  of  overpressure 
by  means  of  microphone  grid  arrays  of  two  different  intervals  of  spac¬ 
ing  (SO  and  200  feet).  In  addition,  it  was  planned  to  make  use  of  the 
routine  deep  atmospheric  soundings,  as  well  as  special,  more  detailed, 
low-level  (to  10,000  feet  MSL)  soundings  taken  by  the  Air  Weather  De¬ 
tachment  on  request  in  connection  with  the  inversion-wave  study.  Also 
in  connection  with  the  latter  study,  use  was  to  be  made  of  overpressure 
data  from  the  8000-foot  linear  microphone  array. 

While  the  majority  of  the  meteorological  data  acquired  by  ESSA  has 
been  or  Is  being  processed,  the  bulk  of  the  overpressure  data  needed 
for  correlation  has  not  yet  become  available.  The  following  will  sum¬ 
marise  the  results  or  the  state  of  progress  in  the  various  areas  of 
study  being  pursued  by  ESSA. 

A.  Invars loo- Wave  Investigation 

This  study  resulted  from  sttempts  to  explsln  the  frequently  ob¬ 
served  large  horlaontal  variations  In  sonic  boom  overpressure,  believed 
to  be  associated  with  low-level  atmospheric  inhomogenelttes.  Some  ob¬ 
servations  suggested  a  periodicity  or  wavelength  in  maximum  overpressure 
on  the  order  of  3000  feet  or  more. 
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Limited  meteorological  observations  have  indicated  the  occurrence 
of  waves  of  similar  wavelength  on  temperature  inversion  surfaces  in  the 
lower  troposphere  (below  10,000  feet  MSL) ,  It  was  therefore  theorized 
that  a  boom  shock  wave  passing  through  such  an  inversion,  would  undergo 
differential  refraction  with  a  resulting  alternating  focussing  and  de¬ 
focussing  of  the  sonic  boom  (energy)  at  the  ground,  A  computer  model 
was  devised  using  basic  ray  tracing  concepts  and  reasonable  inversion 
and  wave  structures,  and  did  indeed  produce  results  indicating  alter¬ 
nate  maxima  and  minima  of  sonic  boom  intensity  at  the  surface  commensur¬ 
ate  with  the  intensity  of  the  inversion  and  the  amplitude  and  wavelength 
of  the  waves  on  the  inversion. 

On  the  basis  of  these  findings,  a  program  of  observations  was 
undertaken  during  the  Edwards  Phase  II  Tests  that  would  determine  the 
presence  of  such  inversion  surfaces  and  the  detailed  structure  of  ex¬ 
isting  wave  patterns,  in  an  attempt  to  relate  them  directly  with  any 
periodicity  in  overpressure  values  observed  by  means  of  the  8000-foot 
linear  microphone  array.  Inversion  surfaces  (height  and  intensity) 
were  detected  initially  by  means  of  special,  low-level  temperature 
soundings.  During  the  first  portion  of  the  Phase  II  Tests  the  inver¬ 
sions  were  probed  for  temperature  variations  (indicative  of  wave  struc¬ 
ture)  by  an  instrumented  C-131B  Air  Force  aircraft,  on  loan  from  another 
project.  When  it  was  recognized  that  the  definition  of  temperature 
structure  was  insuiiicient  for  the  purpose,  a  chartered  light  plane 
(Cessna  ISO)  was  specially  Instrumented  and  used  instead. 

In  all,  nine  flights  were  made  by  the  C-131B,  five  of  which  were 
made  on  three  days  when  the  8000-foot  microphone  array  was  in  operation; 
eighteen  flights  were,  made  by  the  Cessna  150,  six  of  which  were  made  on 
three  days  when  the  8000- foot  array  was  being  used.  Because  the  ex¬ 
pected  wavelength  of  Inversion  undulations  was  on  the  order  of  3000 
feet  «*r  more,  it  is  of  primary  interest  to  compare  results  with  those 
obtained  from  the  8000-foot  array.  This,  however,  was  only  in  operation 
on  a  total  of  eight  days  during  the  program.  For  remaining  flights, 
comparison  will  tie  attempted  with  the  data  from  the  Site  9  microphone 
array,  in  which  the  longest  dimension  was  1800  feet. 
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The  flight  track  of  the  Cessna  ISO  within  the  inversion  layer  con¬ 
sisted  of  two  orthogonal  legs,  east-west  (the  general  orientation  of 
both  the  boom  aircraft  and  the  microphone  arrays),  and  north-south,  in 
order  to  discern  the  orientation  of  existing  wave  structure.  Figure  1 
shows  an  example  of  the  temperature  trace  obtained  along  these  tracks 
on  December  16.  The  primary  wavelength  of  temperature  oscillations  is 
of  the  order  of  5000  feet.  The  presence  of  oscillations  only  along  the 
east-west  legs  indicates,  in  this  case,  an  essentially  north-south  or¬ 
ientation  of  the  wave  pattern. 

These  data  are  being  analyzed  for  wavelength  and  amplitude  of  the 
oscillations  and  inversion  depth  and  intensity,  and  will  be  used  in  the 
basic  model  to  compare  results  of  computed  variability  of  overpressures 
with  observed  values  when  the  latter  are  available. 

B.  Boundary  Layer  Turbulence  Study 

Another  observed  characteristic  of  surface  overpressure  values  is 
the  often  considerable  (by  factors  of  more  than  two)  and  apparently  ran¬ 
dom  variation  in  intensity  within  relatively  short  distances  of  the  or¬ 
der  of  10  -  1000  feet.  Such  variation  has  generally  been  ascribed  to 
the  presence  of  turbulent  eddies  in  the  lower  or  planetary  boundary 
layer  of  the  atmosphere  (the  lower  3000  or  so  feet);  and  although  limit¬ 
ed,  Indirect  evidence  to  this  effect  has  been  noted,  no  direct  measure¬ 
ments  or  correlations  have  been  made. 

Within  the  constraints  of  time  available,  ESSA  personnel  conducted 
a  limited  observational  program  during  the  Edwards  Phase  II  Tests  de¬ 
signed  to  define  the  spectrum  of  turbulence  near  the  surface  as  a  first 
approximation  to  the  probable  turbulence  spectrum  in  the  boundary  layer. 
Very  detailed,  rapid-response  measurements  of  wind  and  temperature  fluc¬ 
tuations  were  made  at  heights  of  4  and  28  meters  (13  and  92  feet)  above 
the  dry  lake  bed  in  close  proximity  to  the  Site  9  array  of  overpressure 
microphones.  In  addition,  18  extra  microphones  were  placed  within  the 
basic  cruciform  array  in  checker-board  fashion  with  spacing  initially 
200  feet  and  later  50  feet,  In  order  to  provide  a  two-dimensional  pic¬ 
ture  of  the  distribution  and  variation  of  overpressures. 
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FIG.  I  example  of  temperature  trace 


The  turbulence  data  Is  based  on  wind  speeds,  inclination  angles 
and  temperatures  which  were  recorded  on  analog  tapes  in  frequency  mod¬ 
ulation  and  digitized  lor  computer  use.  Approximately  50  hours  of  data 
were  collected  in  conjunction  with  96  sonic  booms  on  18  days.  About  a 
third  of  these  data  will  probably  be  unusable  because  the  air  movement 
was  below  the  threshold  of  the  sensing  instrumentation,  i.e.,  essentially 
calm.  To  date,  statistical  (power  spectra)  analyses  have  been  completed 
for  seven  days  (16,  17,  21  and  23  November  and  12,  16  and  20  December), 
covering  33  sonic  boom  missions. 

The  comparison  of  these  data,  which  are  in  a  time-scale,  with  the 
spatial  variation  of  observed  overpressures  requires  a  transformation 
to  a  length  scale  based  on  the  mean  wind  speed.  The  length-scale  do¬ 
main  of  the  meteorological  data  ranges  from  4  to  2000  feet,  while  that 
of  the  overpressure  data  ranges  from  12.5  to  1800  feet.  Although  no  di¬ 
rect  comparisons  have  as  yet  been  made,  Fig.  2  illustrates,  for  the  200- 
foot  grid  array,  the  size,  intensity,  and  distribution  of  overpressure 
patterns  involved,  and  particularly  the  change  of  these  patterns  and 
gradients  within  a  22-minute  period  under  almost  identical  sonic  boom 
flight  conditions.  Figure  3  shews  the  detail  of  comparable  overpressure 
patterns  for  the  50-foot  grid  array. 

C.  Study  of  Atmospheric  Effects  on  Overpressures  by  Means  of  Computer 

Program 

Past  efforts  in  evaluating  the  overall  effects  of  the  atmosphere 
(i.e.,  wind  and  temperature  variations,  assuming  horizontal  homogeneity) 
between  the  aircraft  and  the  ground,  on  the  value  of  overpressures  meas¬ 
ured  on  the  ground,  have  used  realistic  types  of  atmospheres  to  deter¬ 
mine  limiting  ranges  of  corrections  which  can  be  applied  to  overpressures 
computed  by  simpler  means  for  the  case  of  the  Standard  Atmosphere  with 
no  wind.  In  general,  for  alrcr.ft  speeds  of  more  than  about  Mach  1.3, 
the  factors  due  to  such  ranges  of  both  wind  and  temperature  conditions 
have  been  found  io  be  no  more  than  *5  percent,  indicating  that  the  ef¬ 
fect  of  the  atmosphere  as  e  whole  was  essentially  negligible  for  higher 
Mach  numbers. 
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FIG.  2  DISTRIBUTION  OF  OVERPRESSURE  PATTERNS  FOR  MISSIONS  88-1  AND  44-1,  200-ft  GRID  ARRAY 


DISTRIBUTION  OF  OVERPRESSURE  PATTERNS  FOR  MISSION  87-1  50-f»  GRID  ARRAY 


In  considering  the  possible  ranges  of  overpressure  variability  to 
be  expected  iron  a  given  aircraft  under  given  flight  conditions  in  the 
probable  spectrum  of  real  atmospheric  conditions,  it  was  felt  that  ad¬ 
ditional  investigation  was  warranted.  This  was  possible  by  means  of 
Ihe  computer  program  developed  for  NASA  by  M.  P.  Friedman,  which  incor¬ 
porates  the  determination  of  both  the  initial  aircraft  pressure  distur¬ 
bance  input  and  the  manner  in  which  it  is  transmitted  through  any  given 
atmosphere  from  source  to  ground.  In  practice,  however,  it  was  learned 
that  it  is  necessary  to  apply  a  correction  factor  to  the  output  of  the 
program,  based  on  the  more  sophisticated  handling  of  the  aircraft  input 
data  by  a  program  developed  by  NASA. 

The  program,  with  appropriate  correction,  has  been  used  initially 
in  the  computation  of  surface  overpressures  for  14  selected  cases  ot 
B-58  flights  made  at  Edwards  Air  Force  Base  during  Phase  I,  June  1966, 
in  order  to  initially  test  the  validity  of  the  program  and  the  reason¬ 
ableness  of  its  results.  Computed  overpressures  were  compared  with  the 
mean  of  the  observed  overpressures  for  the  basic  cruciform  network,  and 
in  all  cases  the  observed  (mean)  overpressures  were  greatei  than  the 
computed  values.  The  ratio  of  observed  to  computed  overpressures, 

LP  /AP  ,  varied  from  1.02  to  1.69  with  a  mean  of  1.34  and  a  standard  de- 
o  c 

viation  of  .19.  A  similar  comparison  was  made  with  overpressures  com¬ 
puted  for  the  Standard  Atmosphere  with  no  wind;  and,  except  for  two 
cases,  the  observed  values  were  also  greater  than  those  computed.  In 
all  cases,  however,  the  Standard  Atmosphere  with  no  wind  gave  results 
closer  to  the  observed  values  than  those  for  the  real  atmosphere.  For 
the  conditions  of  temperature  and  wind  profiles  and  Mach  numbers  involved 
in  these  cases,  this  latter  result  is  diametrically  opposed  to  the  find¬ 
ings  of  other  investigators.1 

The  program  was  also  used  on  the  same  14  cases  to  took  into  the 
relative  effects  of  temperature  and  wind  separately  on  the  value  of  the 
computed  overpressure  by  considering  only  the  observed  temperatures  with 
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no  wind,  and  also  by  using  the  observed  winds  with  the  Standard  Atmos¬ 
phere,  It  was  found  that  while  both  temperature  and  wind  are  influen¬ 
tial  In  increasing  the  ratio  of  observed  to  computed  overpressure,  wind 
is  considerably  more  important  in  these  cases. 

The  program  is  presently  being  run  for  a  complete  range  of  wind 
profiles  (headwinds  and  tailwinds)  and  Mach  numbers,  and  for  the  several 
temperature  lapse  rates  previously  used,  as  well  as  for  the  Standard 
Atmosphere  with  and  without  wind,  in  an  attempt  to  check  out  the  earlier 
findings. 

D.  Statistical  Study  of  the  Effects  of  the  Atmosphere  on  Overpressure 

Variability 

Another  approach  to  the  determination  of  the  effects  of  atmospheric 
conditions  between  the  aircraft  and  the  ground,  on  the  variability  of 
overpressures  was  statistically  to  relate  the  observed  variability  with 
such  specific  factors  as  low-level  turbulence,  the  level  of  the  maximum 
wind,  the  height  oi  the  tropopause,  and  the  mean  temperature  and  wind. 
Data  used  were  taken  from  the  B-58  flights  of  the  Edwards  Air  Force  Base 
Phase  I  Tests  in  June  1966,  the  deep  rawinsonde  observations  provided 
by  the  Air  Weather  Service  Detachment,  and  the  peak  overpressures  re¬ 
corded  at  the  test  house  cruciform. 

1.  Low-Level  Turbulence 

The  possible  influence  of  low-level  turbulence  was  examined  in 
several  ways,  among  them  the  standard  deviations  of  observed  overpres¬ 
sures  (of  the  five  stations)  for  individual  booms  versus  the  time  of 
day  and  versus  the  depth  of  the  mixing  layer.  Both  can  be  considered 
possible  measures  of  low-level  turbulence,  reaching  a  maximum  in  the 
warmest  part  of  the  day.  Plots  of  both  showed  a  tendency  for  the  stan¬ 
dard  deviation  (and  therefore  the  variability)  to  increase  somewhat  from 
0800  to  1200,  local  time,  and  as  the  mixing  layer  depth  Increased  from 
4000  to  9000  feet;  but  the  extreme  scatter  of  values  was  overshsdowlng 
in  both  cases. 

Table  I  summarizes  the  results  of  examining  other  properties  of  the 
atmosphere  in  terms  of  the  mean  standard  deviations  of  peak  overpressures 
within  the  cruciform  array  (in  lb. /ft.2)  and  standard  errors  of  the  mean. 
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ANALYSIS  OF  SONIC  BOOM  OVERPRESSURE  VARIABILITY  AS 
A  FUNCTION  OF  ATMOSPHERIC  CONDITIONS 


Plight,  Relative  tt>: 

Number  of  Flights 

Standard  Deviation 
of  Peak  Overpressure 
(lb. /ft.2),  and 
Standard  Errors  of 

the  Mean 

Mum  mum  Wind  Layer 

Above 

10 

.27  -  .10 

Within 

.26  t  .03 

Below 

27 

.2*1  i  .03 

Tropop.tusc 

Above 

27 

.21  *  .03 

Within  Layers 

31 

.25  i  .05 

Below 

32 

.32  *  .01 

Mean  Temperature 

Warm  Days  (5) 

16 

.21  t  .04 

Cool  Days  (5) 

43 

.25  r  .03 

Mean  Wind 

Strong  (  !(l-5tl  k.) 

18 

.27  -  .05 

Moderate  (25-40  k.) 

29 

.25  ‘  .05 

Weak  (10-25  k.) 

•15 

.22  *  .02 
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2 .  Maximum  Wind  Layer 

There  is  a  slight  indication  that  overpressure  variability  is 
greatest  when  flights  are  above  the  level  of  maximum  wind,  and  least 
when  they  are  below  it. 

3.  Tropopause 

Flights  below  the  tropopause  result  in  greater  variability  o£  over¬ 
pressures  than  flights  above  or  within  the  tropopause,  possibly  because 
individual  variations  in  the  near-field  disturbance  are  smoothed  out  in 
passing  through  the  tropopause.  It  was  also  noted  that  the  mean  over¬ 
pressures  resulting  from  flights  in  the  troposphere  (i.e.,  below  the 
tropopause,  or  about  35,000  feet,  MSL)  were  twice  as  large  as  those  for 
flights  in  or  above  the  tropopause,  which  is  again  generally  consistent 
with  other  findings  relating  greater  attenuation  with  longer  ray  path 
lengths. 

4.  Temperature 

Although  the  atmosphere  was  warmer  than  standard  on  all  days,  It 
was  considerably  warmer  on  five  days  and  only  slightly  warmer  on  five 
other  days.  Comparison  of  the  mean  observed  overpressure  variabllitv 
for  these  two  groups  indicated  very  little  effect  of  overall  tempera¬ 
ture  departures  from  standard. 

5.  Wind 

Analysis  of  the  mean  wind  between  aircraft  and  the  surface  (on  the 
average,  headwinds)  indicated  a  fairly  pronounced  tendency  for  stronger 
mean  winds  to  have  a  greater  effect  on  the  variability  i>i  mean  observed 
overpressures.  This  is  in  agreement  with  theory  and  past  findings. 

These  results  are  not  conclusive,  due  mainly  to  the  extreme  scatter 
or  variability  in  the  peak  overpressures  within  the  network  for  any 
givea  boom.  Trends  are  indicated,  however,  and  are  generally  consistent 
with  earlier  findings.  Although  continued,  similar  examination  of  the 
Phase  II  data  should  be  pursued  to  validate  and  possibly  clarify  these 
trends,  it  would  appear  that  the  overall  effects  of  the  atmosphere  can¬ 
not  be  entirely  neglected  in  the  determination  of  overpressure  variability. 


D-U 


Annex  E 


SEISMIC  EFFECTS  OF  SONIC  BOOMS 
by 

J.  C.  Cook  and  T.  Goforth 

GEOTECH,  a  Teledyne  Company 
Far  land ,  Texas 


Technical  Note 
Preliminary  Data  for 
NASA  Langley  Reset rU  Center 
Under  Contract  NAS1-G342 


Annex  E 


SEISMIC  MEASUREMENTS  OF  SONIC  BOOMS1 
I  INTRODUCTION 


As  a  part  of  the  current  Government  program  to  study  the  hazards  and  annoy¬ 
ances  which  may  be  imposed  upon  the  population  by  sonic  booms,  Geotech  has 
begun  a  study  of  the  seismic  effects  associated  with  sonic  booms.  This  paper 
will  include  a  brief  introduction  to  the  science  of  seismology,  and  will 
give  examples  of  the  results  obtained  in  field  experiments,  to  date,  together 
with  their  preliminary  interpretation. 


II  PHENOMENA  AND  METHODS  OF  SEISMOLOGY 


Some  human  activities,  such  as  blasting,  produce  noticeable  ground  motion. 
Because  of  the  importance  of  monitoring  and  controlling  these  activities, 
studies  have  been  conducted  by  the  U.  S.  Bureau  of  Mines,  the  Liberty  Mutual 
Insurance  Company,  and  others,  to  establish  criteria  defining  the  level  at 
which  ground  motions  may  damage  buildings.  Three  criteria  have  been  developed. 
The  oldest  criterion  on  which  structural  damage  threshold  is  based  is  the  peak 
acceleration  of  the  ground  during  passage  of  seismic  waves.  Accelerations 
exceeding  O.lg  (980  mm/ second2)  in  the  frequency  range  between  1  and  20  cps 
are  considered  to  be  above  the  safe  range.  A  newer  criterion  in  the  "energy 
ratio,"  defined  aa[P?-i.  acceleration^  The  energy  ratio  damage  threshold 
is  defined  as  3  [feet /second .  The  latest  criterion  and  the  criterion  cur¬ 
rently  recommended  by  the  U.  S.  Bureau  of  Mines  [Duvall  and  Fogelson,  1962] 
defines  the  upper  limit  of  safe  ground  particle  velocity  as  2.0  inches/ 
second;  that  is,  30,800  microns /second  (-/sec).  This  new  criterion  agrees 
very  well  with  the  earlier  energy  ratio  criterion.  At  this  level  of  ground 
velocity,  damage  may  begin  in  the  weakest  part  of  a  structure;  that  is,  plas¬ 
ter  may  crack.  If  the  measured  ground  motion  is  below  thia  level,  courts 
In  many  states  may  reject  damage  claims. 


'preliminary  dnta  for  NASA  Langley  Research  Center  under  Contract 
NASl-6312. 
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The  matr.  difference  is  that  the  surface  particles  revolve  in  a  vertical 
retrograde  orbit  in  Rayleigh  waves,  but  in  a  vertical  prograde  orbit  in 
ocean  gravity  waves. 


Figure  1  shows  some  portable  seismographic  instruments  similar  to  those 
used  in  the  sonic  boom  program.  Seismometers  operating  both  in  the  ver¬ 
tical  and  horizontal  orientations  are  used  to  measure  all  the  components 
of  ground  motion.  Data  ore  recorded  on  a  visual  recorder  and  on  magnetic 
tape  to  permit  later  analysis  by  computer.  Means  of  electrically  cali¬ 
brating  to  seismometers  are  provided.  Calibration  is  performed  daily  in 
the  field  to  check  small  variations  in  system  sensitivity  caused,  for  ex¬ 
ample,  by  temperature  changes.  Field  calibration  is  performed  by  sending 
a  known  amount  ol  electric  current  through  the  seismometer  coil  or  an 
auxiliary  coil,  producing  a  known  motion  of  the  inertial  mass,  which  is 
then  registered  by  the  recording  apparatus.  Such  electrical  calibration 
is,  in  turn,  standardized  at  the  laboratory  with  a  precision  shake  table 
having  optical  indicators,  the  calibration  of  which  is,  in  turn,  trace¬ 
able  to  the  U,  S.  Bureau  of  Standards. 

Figure  2  shows  one  of  several  kinds  of  deep  well  seismometers  [Shappee, 
1961 |  currently  in  use  at  Government  seismic  observatories  [Gudzin  and 
Holle,  1962].  This  instrument  is  protected  by  a  pressure  case  so  that 
it  can  be  lowered  into  inactive  oil  wells  for  monitoring  motions  of  the 
earth  as  far  as  10,000  feet  below  the  surface.  The  deep-well  instrument 
is  coupled  firmly  to  the  weil  casing  by  means  of  the  electrically  con¬ 
trolled  wedging  lock  shown  protruding  from  its  side.  Using  such  instru¬ 
ments.  we  plan  to  measure  the  effect  of  son! booms  upon  ground  motion 
at  various  depths  in  the  earth,  to  obtain  a  better  understanding  of  the 
types  of  waves  involved  and  how  they  travel  through  the  ground. 


Ill  SEISMIC  WAVES  FROM  SONIC  BOOMS 

Figure  3  illustrates,  in  a  simplified  manner,  the  conical  shock  wave 
developed  at  the  nose  of  a  supersonic  aircraft,  and  its  interaction  with 
the  ground  l the  tail  shock  has  been  omitted  lor  simplicity].  Such  a  shock 
wave  is  rellected  trom  the  ground  like  any  other  acoustic  wave,  and  over 
99  percent  of  the  energy  returns  to  the  atmosphere,  because  of  the  large 
density  and  velocity  contrast  between  earth  and  air.  In  instances  where 
the  density  and  seismic  velocities  of  the  ground  are  high,  as  in  hard 
rock,  less  energy  is  coupled  Into  the  ground  than  in  instances  in  which 
the  earth  is  seft,  of  low  density,  and  low  velocity.  Hence,  we  can  ex¬ 
pect  to  tint!  a  dependence  of  the  seismic  effects  of  sonic  booms  upon  local 
geology. 

As  shown  in  ligure  3.  the  pressure  exerted  by  the  sonic  boom  shock  wave 
produces  a  moving  vertical  force  and  may  ulse  generate  a  horizontal  force 
it  the  ground  is  rough  or  irregular.  Theory  indicates  that  a  moving  ver¬ 
tical  force  should  generate  a  surface  wave  moving  at  the  same  speed  as  the 
airciMlt,  ol  a  frequency  determined  by  the  vertical  velocity  distribution 
in  the  earth.  The  amplitude  ol  the  surface  wave  may  be  especially  large 
»t  the  uireratt  speed  and  the  fundamental  frequency  of  its  N  wave  happen 
to  ilia i tb  the  t«»«.it  geology .  Tills  possibility  is  under  study. 


Secondarily,  as  the  shock  wave  travels  along  the  surface,  irregularities 
and  variations  in  density  and  ground  hardness  which  it  encounters  nay  be¬ 
come  local  sources  of  seismic  waves  which  radiate  in  all  directions. 

Figure  4  illustrates  a  plan  view  of  the  shock  cone  intersecting  the  ground 
in  a  hyperbola.  Only  one  of  the  two  shocks  of  the  "N  wave"  has  been  shown 
for  simplicity.  In  this  diagram,  it  can  be  seen  that  the  seismic  waves 
generated  by  local  sources  along  the  hyperbola  that  move  backward  from  the 
two  branches  of  the  hyperbola  could  reinforce  one  another  as  they  cross 
the  flight  trace.  This  type  of  seismic  "focusing,"  if  it  exists,  may  re¬ 
sult  in  twice  as  much  ground  motion  along  the  flight  trace  as  elsewhere. 

Seismic  waves  traveling  forward  from  the  hyperbola  at  a  rate  faster  than 
the  airplane  would  arrive  before  the  sonic  boom.  Such  "precursor  waves" 
do  indeed  exist,  as  shown  by  the  seismogram  in  figure  5.  This  seismogram 
was  taken  at  a  large  Government  seismic  observatory  and  the  position  of 
the  flight  trace  with  respect  to  the  instruments  was  not  know.  On  the 
three  "low-gain"  traces  near  the  top  of  the  record,  and  some  others,  the 
precursor  can  be  clearly  seen  to  exceed  the  level  of  the  background  noise 
about  4  seconds  before  the  arrival  of  the  sonic  boom  at  the  same  location, 
as  indicated  by  the  microbarograph. 


IV  !'  JELIMINARY  EXPERIMENTAL  RESULTS 


Between  October  1966  and  January  1967,  numerous  Government  supersonic  tests 
were  flown  at  Edwards  Air  Force  Base,  California.  Among  the  ground-level 
measurements  made  during  these  flights  were  seismic  measurements^  made  by 
Geotech  under  NASA  Contract  NAS  1-6342. 

Figure  6  shows  the  location  of  the  three  seismic  stations  [shown  as  dark 
spots]  with  relation  to  the  general  flight  track  of  the  aircraft  [indi¬ 
cated  by  an  arrow].  The  center  station,  on  the  edge  of  the  dry  lake  bed, 
includes  a  vertical  seismometer,  a  horizontal  in  line  with  the  flight  track, 
and  a  horizontal  transverse  to  the  track.  The  two  outlying  stations  employ 
vertical  seismometers;  one  is  on  an  area  of  thicker  lake  [playa  clay] 
sediments  and  the  other  is  on  an  outcrop  of  hard  rock  [quartz  monzonlte], 
giving  a  comparison  of  two  different  geological  environments.  All  seis¬ 
mometers  are  buried  to  depths  of  about  3  feet. 

Figure  7  shows  a  seismogram  of  a  typical  F-104  overflight.  The  aircraft 
was  flying  at  an  altitude  of  31,000  feet  and  a  speed  of  Mach  1.65.  The  top 
trace  or  channel  [VI]  represents  the  output  from  the  vertically  oriented 
seismometer  and  the  second  and  third  channels  are  the  radial  [Rl]  and  trans¬ 
verse  [Tl],  seismograms,  respectively,  at  the  center  station.  Channel  4 
[V31]  is  the  output  of  the  vertical  seismograph  located  nearer  the  center 
of  the  dry  lake,  and  channel  5  [VX]  is  that  of  the  vertical  seismometer 
situated  on  the  rock  outcrop.  Channels  4  and  5  have  been  shifted  in  time 
so  that  all  channels  can  be  shown  in  one  illustration.  The  peak  positive 
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air  overpressure  recorded  at  each  site  and  the  resulting  first  downward 
peak  of  ground  velocity  are  noted  above  and  below  the  proper  channel. 

Two  distinct  frequencies  can  be  readily  identified,  A  frequency  of  about 
tit) -70  cps  corresponds  in  time  to  the  passage  of  the  bow  and  stern  shock 
waves,  A  damped  sinusoidal  wave  of  lower  frequency  can  be  seen  best  on 
channel  -I  "underlying"  the  high  frequency  motion  and  arriving  at  the  same 
time  as  the  boom.  The  "precursor"  waves  are  present  in  the  magnetic-tape 
recording  but  cannot  be  seen  in  figure  8  because  of  the  low  amplification 
used  to  display  the  main  peaks  without  distortion. 

The  lower- frequency  motion  is  tentatively  identified  as  the  theoretically 
predicted,  shock-coupled,  fundamental  Rayleigh  wave.  The  nature  of  the 
higher  frequency  motion  is  not  iully  understood  at  this  time.  It  may  be 
cither;  fl|  the  movement  oi  the  ground  due  to  the  direct  application  of 
the  shock  waves,  or  [2j  a  higher  mode  shock-coupled  Rayleigh  wave.  In 
all  flights  recorded,  a  larger  ground  velocity  is  observed  in  the  lake 
bed  clay  than  in  the  hard  rock,  for  a  given  overpressure. 

Figure  8  shows  a  typical  sismogram  of  a  B-58  overflight.  The  aircraft 
passed  overhead  at  an  altitude  of  ^3,000  feet  and  a  speech  of  Mach  1.55, 
The  duel  difference  between  this  seismogram  and  the  F-104  seismogram 
I  figure  7)  is  the  larger  time  interval  between  the  two  onsets  of  high 
frequency  motion  for  the  B-58,  corresponding  to  the  increased  time  inter¬ 
val  between  the  arrival  of  the  bow  and  stern  shock  waves. 

Figure  9  shows  a  typical  seismogram  of  an  XB70  overflight.  The  aircraft 
was  flying  at  an  altitude  of  60,000  feet  and  a  speed  of  Mach  1.80.  Again, 
the  chief  difference  from  the  preceding  records  is  the  larger  time  inter¬ 
val  between  the  two  onsets  oi  high  frequency  motion. 

Figure  10  shows  ihe  relation  of  peak  positive  overpressure  to  iirst  peak 
ground  velocity  recorded  by  instruments  located  on  the  dry  lake  bed,  and 
figure  11  shows  a  similar  relation  for  the  station  on  the  rock  outcorp. 
These  preliminary  results  indicate  a  linear  relationship  between  maximum 
positive  overpressure  and  first  peak  ground  velocity  for  both  the  clay 
and  the  rock.  Figures  7,  8.  S,  and  10  also  show  that  the  ground  motion 
tor  a  given  overpressure  is  consistently  greater  in  the  lake  sediments 
than  in  the  rink .  as  predicted  by  theory. 

Figure  13  shows  the  relation  ol  maximum  positive  overpressure  to  the 
maximum  ground  velocity  associated  with  the  lower  frequency  motion  tent¬ 
atively  identified  as  a  coupled  Rayleigh  wave.  These  preliminary  data 
were  obtained  from  instruments  located  on  the  lake  sediments.  They  also 
indicate  a  linear  increase  ol  ground  motion  with  overpressure,  and  show 
•  twit  the  Jim  •  I requem  v  ground  velocity  Is  less  than  one-third  as  large  as 
tin-  lilgh-l ivquctu  v  ground  vdu«  »fy. 

The  values  ol  ground  velocity  obtained  for  the  rather  limited  range  ot 
overpressure  available  are  small  compared  with  tile  most  reliable  esti¬ 
mate:.  ot  the  damage  threshold.  The  maximum  value  of  ground  velocity  which 
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has  been  recorded  and  analyzed  to  date  Is  320  microns/second  [at  60  cps] 
from  an  overpressure  of  2.0  Ib/sq  ft.  This  Is  less  than  1.0  percent  of 
the  damage  threshold  criterion  now  recommended  by  the  U.  S.  Bureau  of 
Mines. 

It  should  be  emphasized  that  the  results  presented  here  are  based  on  in¬ 
complete  analysis  of  perhaps  10  percent  of  the  total  data,  and  should  be 
regarded  as  extremely  preliminary. 


V  STUDIES  IN  PROGRESS 


From  a  thorough  analysis  of  the  data  obtained  at  Edwards  Air  Force  Base, 
and  a  seismic  refraction  survey  of  the  local  geology,  we  hope  to  obtain 
a  more  complete  understanding  of  the  mechanism  by  which  seismic  motion 
is  produced  in  the  ground  by  air  shock  waves,  and  on  the  relation  of  air¬ 
craft  operating  conditions  to  the  amplitude  and  frequency  of  the  induced 
seismic  motion. 

We  will  also  record  a  limited  number  of  supersonic  flights  at  the  Tonto 
Forest  Seismological  Observatory  in  Arizona  and  at  the  Uinta  Basin  Seis- 
mologlcal  Observatory  in  Utah  [Gudzin  and  Holle,  1962],  The  near-surface 
geologic  structure  at  each  recording  site  will  be  determined  by  a  seismic 
refraction  survey.  The  extensive  seismometer  array  available  at  the 
Arizona  observatory  will  provide  data  from  which  we  can  evaluate  possible 
focusing  effects  of  reflections  from  geologic  features  and  of  propagation 
backward  from  the  hyperbolic  intersection  of  the  shock  cone  and  the  ground. 
The  Utah  observatory  has  a  vertical  array  of  six  borehole  seismometers 
extending  to  a  depth  of  8000  feet.  These  will  provide  data  from  which  we 
can  determine  the  depth  to  which  the  seismic  disturbance  penetrates.  In 
addition,  the  observatories  will  provide  two  different  geologic  environ¬ 
ments  for  comparison.  Instrumentation  at  the  observatories  will  be  modi¬ 
fied  to  give  the  same  recording  characteristics  as  the  field  system  cur¬ 
rently  being  used  at  Edwards  Air  Force  Base.  The  field  unit  will  be  used 
to  supplement  instrumentation  at  each  of  the  observatories. 
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FIG.  2  INSTALLING  A  SENSITIVE  SEEP-WELL  SEISMOMETER 
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FIG,  3  VERTICAL  SECTION  OF  A  SHOCK  WAVE  INTERACTING  WITH  THE  GROUND 
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FIG.  5  OBSERVATORY  SEISMOGRAM  SHOWING  "PRECURSOR"  WAVES 
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FIG.  6  AIRCRAFT  FLIGHT  PATH  AND  LOCATION  OF  THE  SEISMOGRAPH  STATIONS  (round  ipots) 
AT  EDWARDS  AFB,  CALIFORNIA 
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COMPOSITE  GROUND  VELOCITY  SEISMOGRAM 


S-13 


COMPOSITE  GROUND  VELOCITY  SEISMOGRAM  OF  MISSION  20-1  TYPICAL  OF  B-58  OVERFLIGHTS 
(olfitud*  43,000  ft,  moch  1-55) 
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FIG.  9  COMPOSITE  GROUND  VELOCITY  SEISMOGRAM  OF  MISSION  13-2  TYPICAL  OF  XB70  OVERFLIGHTS 
(altitude  60,000  ft,  maeh  1.80) 


FIG.  10  RELATION  OF  PEAK  POSITIVE  OVERPRESSURE  TO  FIRST  PEAK  GROUNC  VELOCITY 
RECORDED  BY  A  SEISMOMETER  LOCATED  ON  PLAYA  CLAY  (m.crophon.  1) 
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FiG,  H  RELATION  OF  PEAK  POSHivC  OVERPRESSURE  TO  FIRST  PEAK  GROUND  VELOCITY 
RECORDED  &Y  A  SEISMOMETER  LOCATED  ON  QUARTZ  MONZONiTc  ur.tfophon*  1, 

c  <  U  r :  fa*  * 
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FIG.  12  RELATION  OF  PEAK  POSITIVE  OVERPRESSURE  TO  THE  MAXIMUM  VELOCITY 
ASSOCIATED  WITH  SEISMIC  ENERGY  PROPAGATING  WITHIN  THE  FREQUENCY 
RANGE  5-10  cpt  RECORDED  BY  A  SEISMOMETER  LOCATED  ON  PLAYA 
CL/ 7  (fliicrophon*  31) 
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ENERGY  SPECTRAL  DENSITY  OF  SOME  SONIC  BOOMS 

I  CONCEPT  AND  DEFINITION  OF  ENERGY  SPECTRAL  DENSITY 
l* 

In  previous  work,  energy  spectral  density  (ESD)  has  been  proposed 
as  a  method  lor  representing  the  frequency-intensity  properties  of  the 
sonic  boom.  The  definition  of  the  ESD  function  as  used  heretofore  is: 


|P<«>f  =  l| 


p(t)  c'lUit  dt 


x  <  +x 


where  p (t )  is  a  real-valued  time-varying  pressure  associated  with  a 
transcient  phenomenon,  such  as  the  sonic  boom,  and  x  is  angular  velocity 
(2-f).  To  calculate  the  physically  measurable  energy  E(x  ,  x2>  in  a 
specified  frequency  band  between  frequencies  f  and  f  the  following 
integration  is  performed: 


=  -1 


*«  =  2-f; 


"l  =  2£1 


|P(u>)  I  dx  0  -  x  -  <l  .  (2) 


For  the  ideal  N-wave,  with  duration  D  and  amplitude  .':P,  as  shown  in 

Fig.  1,  spectral  asymptotes  have  been  calculated.1  These  asymptotes, 

when  applied  to  the  relation  in  Eq.  (2)  are: 

•>  l  ■> 

,  ;.p*  d  x“ 


A  =  — — W 
med  xi 

A  typical  spectrum  ol  E(x)  lor  the  ideal  N-wave  is  sketched  in  log-log 
form,  with  asymptotes  indicated  thereon,  in  Fig.  2  The  low -frequency 
ur.d  medium  frequency  asymptotes  have  slopes  oi  +6  dU  octave  and  -6dB, 
oc  ta ve ,  r espec lively. 


•J.  R.  Young.  Energy  Spectral  Density  ol  the  Sonic  Doom,  '  J.  Ac oust . 
Soc.  Am.  10,  J 96—108  (t'.HiO) 


FIG.  1  IDEAL  N-WAVE 


FIG.  J  SPECTRUM  OF  IDEAL  N-WAVE 
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FIG.  3  N-WAVE  WITH  NONZERO  RISE  TIME,  T, 
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FIG.  4  SPECTRUM  OF  N-WAVE  WITH  RISE  TIME,  Tr 
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Ii  the  sonic  boom  is  assumed  to  have  a  nonzero  rise  time,  T^,  as 

m  Fig,  3,  further  analysis  shows  that  a  third  asymptote  must  be  cal- 

1  1 2 

culated  to  account  for  the  high-frequency  behavior  of  E(a,)  or  |Pfui)  | 
This  asymptote  has  been  found  to  be,  for  E{>s) 


A 


high 


(5) 


Thus,  for  the  wave  Illustrated  in  Fig,  3,  the  corresponding  plot  of 
E(jl,>  is  that  in  Fig,  4,  where  the  high-frequency  asymptote  has  a  slope 
oi  *12  dB/octave  and  the  remaining  two  asymptotes  have  *6  dB/octave 
slopes  as  before. 


By  equating  the  relations  for  asymptotes,  two  intersections  can  be 
solved  tor,  one  of  which  is  the  frequency,  f  and  intensity  of  £(uu)  at 
its  peak,  E  ,  the  other  being  the  frequency,  f^,  and  intensity,  E^,  at 
which  the  spectrum  begins  to  roll  off  at  -13  dB/octave.  These  relations 
arc: 


Peak  frequency, 


0.553 
P  =  U 


(6) 


2  3  3 

Peak  intensity,  E  =  —  iLP  D 
l>  3 


(7) 


In  Eq.  (7)  an  extra  factor  of  2  is  implicit.  This  factor  takes  into 

account  the  realization  that  the  asymptotic  solution  at  the  frequency 

t  vields  an  energy  that  is  twice  the  actual  energy  calculated  by  using 
P 

an  exact  expression  tor  E(i). 

I 

Breakpoint  frequency,  =  ■  -  _  (8) 

r 

2  2 

Breakpoint  intensity,  E  =  l  uP 
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(9) 


II  SPECTRA  OBTAINED  FROM  EXPERIMENTAL  DATA 


Figure  5  shows  three  sample  spectra  and  associated  pressure-time 
plots  for  Missions  15-1,  -2,  and  -3,  which  were  flown  by  XB-70,  B-58, 
and  F-104  aircraft,  respectively. 

The  raw  data  from  these  spectra  and  all  others  referred  to  later 
were  obtained  by  digitizing  analog  FM  tapes  of  NASA  cruciform  microphone 
outputs  at  5000  samples/second.  Each  sample  was  converted  to  a  binary 
number  11  bits  in  length.  A  low  pass  presampling  filter  was  used  with 
its  cutoff  frequency  set  to  about  1350  Hz. 

Table  1  summarizes  the  values  of  peak  overpressure,  A P,  and  rise 

time,  T  ,  as  read  by  NASA  personnel  from  time-amplitude  tracing  record- 
r 

ings  at  the  Edwards  test  site.  The  table  also  contains  calculated  values 

for  AP  and  Tf,  designated  APC,  and  T^  .  These  values  were  obtained  by 

using  E  and  f.  from  computed  energy  spectra  as  follows: 

P  b 

A?  =  -5  /J*  (10) 

c  u  2  P 


wuxsotn  rus^cio  ■oi.oc^tirt 


fa! 

eLOGcEp.nO««OOOOJMMH 


J 

-I 

H 


1 
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FIG.  5  PRESSURE-TIME  AND  E<«)  PLOTS  FOR  THREE  AIRCRAFT, 
F  - 104,  B-58,  AND  XE-70 


.r  r., i  r  nrroemcnt  and  consistency 

For  this  limited  number  of  cases  Uxr  <■<■«■" 

„„  Hmo  inrametcrs  extracted  directly  from  a  timo- 
appear  between  pressure-time  paiameioi. 

PP  calculated  from  computed  cneigN 

amplitude  plot  and  the  same  parameters 

spectra  of  the  same  time-amplitude  plot.  Particularly  in  the  case 
t"e  values  *  .  it  appears  that  wave  round  in*  and  spthing  at  the  H-wave 

pMks  se«  to*  «—  SP  “ 

.  -r  t  is  apparent,  though  grossness  of 

General  agreement  between  Tf  and  T^c  ill 

these  particular  energy  plots  does  not  permit  a  precise  measure  b 
Moreover,  the  spectra  fail,  as  expected,  to  follow  exactly  the  rogu  or 

theoretical  asymptotes,  and  this  creates  uncertainty  in  defining  an  ex¬ 

act  f  .  Nevertheless,  agreement  between  Tf  and  Tj>c  seems  rcasonab  ) 

b‘ 

good . 

Figure  6  shows  five  pressure-time  and  energy  spectrum  plots 
Mission  123-1,  which  was  flown  by  a  B-58  aircraft  at  -17,600  ft  MSL,  Mach 
1  51.  and  offset  left  of  the  prescribed  track  .900  It.  The  basic  data 
were  also  derived  from  five  microphones  in  the  NASA  cruciform  array. 

The  figure  tends  to  indicate  variabilities  in  pressure  waveforms  and 
spectra  that  may  be  expected  for  a  single  nominal  oicnt  or  flight 
monitored  by  five  closely  spaced  microphones  (the  aims  of  the  ciucifo 
were  200  ft  long,  with  microphones  spaced  100  ft  apart).  For  this 
case,  the  range  and  average  deviation  from  the  median  for  as  read 
by  NASA,  measured  3.22  dB  and  1.163  dB,  respectively;  for  energy  in  the 
band  0-50  Hz,  2.14  dB  and  0.694  dB,  respectively;  and  for  energy  in  the 
band  20-200  Hz,  4.92  dB  and  1.34  dB,  respectively.  The  other  energy 
measures  for  this  event  lie  within  the  upper  and  lower  limits  of  the 
energy  statistics  quoted. 

Ill  ANALYSIS  OF  TOTAL  ENERGY  IN  CERTAIN  FREQUENCY  BANDS 

Energy  spectra  have  been  determined  for  16  B-58  missions  (four  on 
8  December  1966  and  12  on  8  November  1966)  and  for  four  missions  (2 
XB-70,  l  B-58,  and  1  F-104)  on  3  January  1967.  For  each  mission  the 
five  NASA  cruciform  microphone  channels  were  analyzed  by  finding  total 

energy  for  each  channel  and  each  sonic  boom,  and  total  energy  in  each 

,  ,,  u,  H/  0-200  IU,  0-1000  Hz,  20-200 

of  six  frequency  bands:  o-o»  Hz,  10  “->  1 

Its,  and  20-1000  Hz. 
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FIG,  6  PRESSURE -TIME  PLOTS  AND  ENERGY  SPECTRA  FOR  FIVE  MICkOPHONE 
RECORDINGS  OF  MISSION  123-1  FLOWN  BY  B-58  AIRCRAFT 
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By  way  of  checking  the  accuracy  of  the  energy  spectral  computations, 
total  energy  was  derived  in  two  says:  first  by  direct  computation  using 

r  2 

Et  *  J  P  (*)  dt  *  (I  is  a  time  interval  con-  ( 12) 

j  taining  the  sonic  boom) 

and  second ,  by 

♦ 

~nax 

Et  ■  J  E(f)  df  (13) 

f  . 
min 

where  f  ,  and  f  were  the  extreme  frequencies  for  which  the  spectra 
min  max 

could  be  calculated  owing  either  to  sample  length  (approximately  0.80 
sec)  or  sampling  rate  (5000  samples/second).  These  independent  esti¬ 
mates  of  total  energy  agreed  to  five  significant  decimal  places  for  all 
examples  calculated  by  using  Sq.  (2)  with  the  appropriate  frequencies 
Included  as  integral  limits.  The  energy  density  at  zero  frequency  was 
adjusted  to  zero  in  all  cases. 

A  third  check  of  the  approximate  total  energy  in  any  particular 
N-wave  can  be  obtained  by  assuming  that  the  wa* e  is  an  ideal  wave  with 
negligible  rise  time  and  with  AP  and  D  as  measured. 

E.  -  AP*  (14) 


For  the  cases  considered  here  this  estimate  is,  and  should  be,  consis¬ 
tently  higher  than  actual  values  by  10  to  20  percent.  Nevertheless, 

Eq.  (14)  can  be  used  as  a  rough  check  for  more  precise  values. 

Table  2  contains  summery  statistics  for  16  B-58  flights  whose 
nominal  flight  parameters  were  48,000  ft  altitude,  Mach  1.65,  on  a  track 
directly  over  the  NASA  cruciform  array.  Only  slight  deviations  from 
these  parameters  on  a  mlsslon-to-nisalon  basis  were  found  from  examina¬ 
tion  of  the  official  Jog  of  the  Edwards  Exoeriment,  and  it  is  felt  that 
the  flights  were  sufficiently  close  to  nominal  conditions  to  permit  sum¬ 
marizing  the  data  as  shown. 


F-13 


Table  2 


SUMMARY  STATISTICS  OF  16  B-5B  FLIGHTS  ON  8  NOVEMBER  1966^ 
AND  8  DECEMBER  1966,  FIVE  MICROPHONE  CHANNELS  PEK  FLIGHT 


Parameter 

Average  ol 
Median  V  dues 
lor  Each  Flight 
lor  the  Five 
Microphones 

Kange  Ovt-r  16 
Flights  of  Med¬ 
ian  Values  of  5 
Microphones  per 
Flight 

Average 

Range 

Ave,  Deviation  of 
Medians  for  Five 
Microphones  for 
Each  Flight  from 
Median  16  Flights 

LP 

l . 75  psf 

5.146  dB 

2.045  dB 

0.705  dB 

E0-50  Hz 

119. -16  dB 

4.120  dB 

1.240  dB 

0.423  dB 

E 

0-200 

119.53  dB 

4.170  dB 

1.305  dB 

0.422  dB 

p 

0-1000 

119.63  dB 

4.171  dB 

1  305  dB 

0.422  dB 

E20-1000 

106.44  dB 

7.930  dB 

2.640  dB 

0.890  dB 

E20-200 

106.32  dB 

8.340  dB 

2.620  dB 

0.890  dB 

El0-30 

109.81  dB 

5.240  dB 

1.610  dB 

0.590  dB 

Etotai 

119. 54  dB 

4.171  dB 

1.246  dB 

0.370  dB 

*  Energies  were  computed  by  converting  AP  in 
0.0002  uBar. 

units  of  psf  to  units  of 

In  Tabic  2  each  measure  was  determined  tor  each  of  five  micro¬ 
phone  channels  for  each  flight,  .id  medians  of  dB  readings  for  each 
flight  were  used  to  compile  the  statistics.  The  average  deviation  from 
the  median,  listed  in  the  extreme  right  column,  is  thus  the  quantity 

16  5 

l  •  . 

Average  deviation  c.j  ,  ■  X  -  X  I  (15) 

lo  ,  i  3  1 

1  1  4 

where  X^  is  one  «i  four  measures  of  a  parameter  expressed  in  dB  differ¬ 
ent  from  the  median,  and  is  the  median  expressed  in  dB  of  the  five 
channels  for  the  (light  and  parameter  under  consideration.  £P  is  the 
pc.i.v  overpressure  obtained  from  the  digital  records  used  tor  computation. 
The  range  «<t  median  values  »s  taken  as  being  across  all  flights  and  alt 
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channels,  and  the  average  range  is  that  for  all  flights  on  a  flight-by¬ 
flight  basis. 

The  data  seem  to  indicate  that  AP  and  the  energy  bands  containing 
high  frequencies  vary  considerably  more  than  does  the  total  energy  as¬ 
sociated  primarily  with  low-frequency  content. 

Table  3  was  computed  to  try  to  establish  correlations  between  the 
pressure-time  parameters  AP  and  Tf  and  the  various  parameters  associated 
with  the  energy  spectrum.  Data  from  microphone  No.  3  are  used  here; 
the  other  microphone  data  are  similar  and  consistent  with  these  results. 

Table  3 

CORRELATIONS  BETWEEN  AP  AND  T  AND  ENERGY  SPECTRUM  MEASURES 
FOR  CHANNEL  605  OF  THE  NASA  CRUCIFORM  ARRAY,  USING  THE 
SPEARMAN  RANK  CORRELATION  COEFFICIENT,  r 


Parameter 

AP  Correlations,  Ksl6 

T  Correlations,  N.15 
r 

r 

Significance  of  r 

r 

Significance  of  r 

E 

0-50 

0.7873 

|r.»5! 

-0.4464 

lr95|  .0.441 

E0-200 

0.8529 

|r  975l  *  0.497 

-0.4964 

l*.S75l  ■  0.5» 

E0-1000 

0.8529 

|r99|  .0.574 

-0.4964 

[r99|  .0.592 

E20-1000 

0.9132 

Ir,9j  -  0.823 

-0.7460 

|r.M5l  -  0  Ml 

t2u-aoo 

0.9221 

lr.9999lB  °-742 

-0.7460 

lr.»9«l-  °-7M 

E10-30 

0.8441 

' 

-0.4929 

Etotal 

0.8529 

-0.4964 

In  Table  3  r  is  a  statistical  measure  of  the  dependence  of  an  en¬ 
ergy  parameter  and  AP  or  Tf.  Higher  values  of  r  indicate  a  greater  de¬ 
pendence  or  correlation,  and  lower  values  indicate  a  lesser  dependence 
or  correlation.  Subscripted  r  values  indicate  the  confidence  level  of 
the  measure  for  specific  values  of  r.  For  example,  r  .  0.426  Implies 
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th.il  .i  value  of  r  t'nua  1  to  o.  126  or  greater  could  occur  by  chance  when 
two  variables  are  actually  uncorrelated  or  independent  five  times  in 
ItiU  trials  of  sampling  the  paired  variables  16  times.  In  the  table, 

16  pairs  arc  available  for  AP  correlations,  and  15  pairs  for  T^;  hence, 
the  r  values  have  different  interpretations  as  shown. 

Though  all  the  energy  measures  are  highly  correlated  with  AP 

(r  '  r  - ) ,  the  highest  correlation  occurs  in  the  energy  band  E,.„ 

,999a  ■  20-1000 

and  ®2o-200*  Correlations  of  energies  with  T^  are  considerably  less, 

though  still  quite  high  except  lor  where  r  is  but  slightly  greater 

than  r  Again,  however,  the  highest  correlations  occur  with  T  and 

0,95  r 

®2l)-v00  °r  **■>()_ loot)’  whlch  not  surprising  in  view  of  the  analysis  and 
results  presented  previously  in  Sections  I  and  II.  The  relatively  high 
correlation  between  T^  and  E^  is  somewhat  surprising  until  the  also 
high  correlation  between  AP  and  Tf  is  computed,  -0.6107  for  N  =  15. 

Table  -1  summarizes  data  obtained  from  Missions  7-1,  15-1, -2,  and  -3. 
These  data  permit  some  preliminary  comparisons  between  different  air¬ 
craft  with  regard  to  energy  spectral  parameters. 

The  last  three  missions  in  the  table  are  comparable  with  regard  to 
AP  and  its  statistics  and  allow  some  comparisons  between  the  XB-70  and 
either  the  F-101  or  the  B-58  .  Though  the  data  are  limited  in  quantity 
it  would  appear  that  the  results  are  consistent  with  theory  and  other 
available  data.  It  is  interesting  to  note  that  lor  E.  ,  the  F-104 

iU“*  mU 

aircraft  has  a  higher  value  than  either  the  XB-70  or  the  B-58,  Upon  ex¬ 
amination  of  several  energy  spectra  samples,  this  result  seems  to  be  due 
to  the  spectral  lobe  distribution  patterns  of  these  aircraft  and  is 
probably  a  consistent  difference,  other  things  (such  as  AP)  being  equal. 

IV  SIMIAKY  AND  CONCLUSIONS 

Energy  spectra  have  been  computed  and  summarized  for  16  B-58 
flights  on  H  November  1966  and  8  December  1966,  and  for  (out  flights  <m 
3  January  1967  involving  XB-70,  B-58,  and  f-UH  aircraft.  For  each 
flight,  spectra  were  measured  for  each  of  five  microphones  »n  the  NASA 
cruel  form  array.  Thus,  a  total  of  ioo  energy  spectra  was  obtained  and 
summarized. 
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Theoretical  properties  of  the  energy  spectral  density  function  of 
the  sonic  boom  have  been  compared  to  properties  obtained  from  spectra 
computed  from  actual  booms,  and  good  agreement  and  consistency  have 
been  found.  In  general,  the  experimental  data  indicate  that  all  parts 
of  the  energy  spectrum  are  correlated  with  observed  variations  of  the 
peak  overpressure  AP;  the  best  correlations  of  AP  occur  in  the  energy 
measures  E20_2Q0  and  E20_1000:  E0_50  is  most  independent  of  variations 
in  AP  for  a  series  of  16  nominally  similar  events.  Correlations  of  en¬ 
ergy  band  content  with  rise  time  are  poorer,  though  still  significant; 

^20-200  amt)  K20  1000  correlate  best  with  rlse  t ime ,  and  EQ  correlates 
least  with  rise  time. 

For  three  comparable  flights  of  XB-70,  B-58,  and  F-104  aircraft, 
the  energy  band  content  for  all  bands,  except  the  10-30  Hz  band  rank 
downward  in  the  order  listed.  In  the  10-30  Hz  band,  the  F-104  aircraft 
has  the  highest  energy  content  by  what  appears  to  be  something  in  ex¬ 
cess  of  2  dB  relative  to  the  XB-70.  This  particular  result  is  consistent 
with  the  energy-spectra  1-lobe  patterns  of  the  sonic  boom  spectra  of  these 
aircraft,  that  in  turn  is  associated  with  the  differing  sonic  boom  dur¬ 
ation  parameters. 

The  least  variability  among  the  five  microphones  is  observed  in  the 
energy  measures  E^.  E^,^  EQ_ 1QQ0 ,  and  the  greatest  vari¬ 

ability  is  observed  in  AP  and  the  energy  measures  E2o-200  and  ^20-1000' 
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Annex  G 
Part  I 

RESPONSE  OF  STRUCTURES  TO  SONIC  BOOM 

INTRODUCTION 

The  purpose  of  this  report  is  to  present  a  summary  of  the  status  of 
the  structural  response,  damage  investigation  and  damage  prediction  work 
resulting  from  the  experiments  at  Edwards  Air  Force  Base.  The  primary 
objectives  of  the  structural  response  portion  of  the  Edwards  Test  Pro¬ 
gram  were  to: 

1.  Determine  the  response  or  reaction  of  structures  to  sonic  booms 
generated  by  XB-70,  B-58,  and  F-104  aircraft. 

2.  Evaluate  damage  resulting  from  these  sonic  booms. 

3.  Develop  a  means  of  predicting  structure  response  and  possible 
damage  from  sonic  booms  generated  by  the  SST  based  on  data 
from  present  aircraft. 

To  fulfill  these  objectives  an  overflight  program  was  designed  to 
subject  instrumented  structures  to  sonic  booms  from  F-104,  B-58,  and 
XB-70  aircraft.  The  overflight  program  provided  for  different  levels 
of  overpressure  as  well  as  overhead  and  offset  flights. 

Two  wood  frame  test  house  structures  were  built  at  Edwards  AFB;  one 
was  a  two-story  house  and  the  other  a  one-story  house,  each  with  wood 
framed  floors.  They  wore  both  built  in  accordance  with  plans  obtained 
from  a  large  housing  contractor  and  are  representative  of  typical  con¬ 
temporary  mid-western  construction.  Each  of  the  test  houses  was  in¬ 
strumented  to  record  the  loading  on  and  the  response  of  the  houses  and 
certain  of  their  structural  elements.  The  arrangement  of  the  instru¬ 
ments  was  modified  after  the  first  few  weeks  of  the  program  in  order  to 

increase  the  effectiveness  of  the  Information  obtained. 
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In  udditlun  to  the  two  test  houses,  the  Bowling  Alley  on  the  Base 
was  selected  as  a  structure  with  a  representative  long-span  roof.  In¬ 
struments  were  installed  to  measure  the  response  of  the  roof  structure 
and  the  building  frame  to  sonic  boom. 

For  the  first  fe’v  weeks  of  the  program,  a  two-story  house  Identical 
to  the  two-story  test  structure  at  Edwards  was  leased  in  Lancaster, 
California,  Instruments  were  installed  to  measure  the  effect  of  sonic 
boom  loading  from  an  aircraft  at  a  large  lateral  distance  from  the  test 
structure.  Measurements  were  not  recorded  after  the  first  few  weeks 
because  of  the  minimal  information  obtained.  Due  to  the  large  lateral 
displacement  of  the  aircraft  and  generally  prevailing  windy  conditions, 
the  boon  intensities  and  structural  reactions  were  often  masked  by  nat-; 
ura l  phenomena. 

The  report  presented  in  the  following  pages  briefly  discusses  the 
instrumentation  used,  data  reduction  procedures,  methods  of  structural 
analysis  and  typical  results,  types  of  damag?  complaints  received  and 
results  of  investigations,  and  methods  of  damage  prediction.  The  text 
terminates  with  a  summary  of  preliminary  findings. 

Appendices  G-l,  G-2,  and  G-3  are  reports  covering  the  construction 
of  the  test  structures,  sonic  boom  damage  complaints  received  and  inves¬ 
tigated,  and  the  results  of  a  pre-test  flight  survey  of  glass  windows 
at  Edwards  AFB 

Three  basic  types  of  sensing  instrusients  (transducers)  were  in¬ 
stalled;  microphones,  accelerometers,  end  strain  gages.  Microphones 
were  used  to  measure  overpressures  at  ground  level  near  the  instrumented 
structures  (free  field  signature*)  sno  to  measure  exterior  and  interior 
overpressures  on  structural  elements  (loading  signatures).  Accelerometers 
jiH  strain  gages  were  used  to  mesat»*e  the  response  or  reaction  of  the 
t.tructures  and  selected  structural  elements.  Each  instrument  was  selec¬ 
ted  to  be  compat able  with  the  charsrteristics  (frequency  reaponse  and 
size)  of  the  structural  element.  Annex  A,  Test  Operations  Plan,  pre¬ 
sent*  a  detailed  description  of  the  instrumentation. 
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The  signals  generated  by  these  transducers  when  subjected  to  sonic 
booms  were  recorded  on  analog  magnetic  tape  by  precision  FM  tape  re¬ 
corders,  The  recordings  were  reviewed  shortly  after  each  mission  and 
minor  modifications  were  made  in  the  instrumentation  when  required. 

DATA  REDUCTION 

In  order  to  evaluate  and  analyze  the  data,  the  instrument  data  on 
the  analog  tapes  were  recorded  on  photo-sensitive  paper.  The  recordings 
on  paper  were  a  visual  record  of  the  pressures,  accelerations,  etc., 
produced  by  the  booms  and  were  used  to  make  comparative  judgments  of 
the  different  instrument  measurements.  Measurements  were  made  from 
these  oscillographic  records  of  rise  time  (time  required  for  boom 
overpressure  to  reach  a  peak  positive  value),  peak  positive  and  nega¬ 
tive  overpressures,  and  boom  duration.  A  more  detailed  discussion  of 
preliminary  data  reduction  procedures  is  presented  in  the  Test  Operations 

Plan.  The  analog  data  were  also  converted  to  digital  form  so  that  they 
could  be  processed  by  digital  computers.  Several  different  computer 

programs  have  been  developed  and  are  presently  being  used  as  aids  in  the 
analysis  of  data. 


STRUCTURAL  ANALYSIS 

There  are  two  basic  types  of  loading  to  which  a  structure  can  be 
subjected.  The  first  is  a  static  load,  such  as  a  warehouse  floor  load, 
where  the  Intensity  or  pressure  of  the  load  does  not  vary  for  long  peri¬ 
ods  of  time,  and  the  second  is  the  dynamic  load,  such  as  a  sonic  boosi, 
where  the  intensity  varies  greatly  over  a  very  short  period  of  time. 

A  given  structure  or  element  of  a  structure  will,  in  general,  respond 
or  react  quite  differently  to  dynamic  and  static  loads.  The  deforma¬ 
tion  of  or  stresses  in  a  structure  element  due  to  a  static  load  can  be 
calculated  by  conventional  procedures,  whereas  similar  calculations  for 
a  dynamic  load  are  considerably  more  complex. 

To  facilitate  the  calculation  of  reaction  to  dynamic  loads,  the 
concept  of  an  equivalent  static  load  has  often  been  used.  In  this  con¬ 
cept,  dynamic  loads  acting  on  a  structure  are  replaced  by  equivalent 
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static  loads  that  produce  the  same  deformations  or  stresses  as  the  dy¬ 
namic  loads.  Once  these  equivalent  static  loads  have  been  determined, 
the  stresses  and  deformations  of  the  structure  can  be  calculated. 

The  relationship  between  a  dynamic  load  and  its  equivalent  static 
load  can  be  determined  from  structural  models  that  represent  in  mathe¬ 
matical  form  the  properties  and  response  of  the  structure  and  the  applied 
loud.  These  models  are  based  on  the  assumption  that  the  structure  can 
be  represented  by  an  idealized  single  degree  of  freedom-damped  system; 
the  response  of  this  system  is  then  corrected  for  the  participation  of 
the  other  vibrational  modes. 

The  structural  model  described  above  Is  used  with  sonic  boom  load¬ 
ing  to  determine  the  relationship  between  the  dynamic  load  and  an  equiva¬ 
lent  static  load.  This  relationship  is  expressed  as  the  ratio  of  the 
equivalent  static  load  to  the  dynamic  load,  or  Dynamic  Amplification 
Factor  (DAF).  OAF  is  a  dimensionless  ratio  and  for  a  given  structural 
element  depends  upon  the  element's  natural  frequency,  stiffness,  damping, 
and  the  type  of  applied  loading. 

DAF  is  often  plotted  as  a  spectrum,  see  Figure  G-l.  These  curves 
represent  the  values  of  DAF  calculated  for  structural  elements  with  2% 
critical  damping  with  a  range  of  natural  frequencies  from  0.5  to  50  Hz(cps) 
when  subjected  to  an  applied  loading  of  a  sonic  boom  N-vave.  Note  that 
as  the  duration  of  the  sonic  boom  increases,  the  DAF  spectrum  curve  is 
shifted  to  the  left  on  the  graph.  Since  larger  aircraft  produce  aonlc 
booms  of  greater  duration  than  do  amaller  aircraft,  it  can  be  aeen  that 
sonic  booms  from  large  aircraft  such  us  the  XB-70  and  future  SST  will 
affect  a  greater  range  of  structural  elements  than  will  smaller  aircraft. 
The  DAF  spectrum  curves  in  Figure  G-l  were  determined  from  free  field 
signatures  for  a  number  of  overhead  flights  of  the  XB-70,  B-S8,  and  F-104 
aircraft  flown  during  Phase  II.  The  curves  are  drawn  as  envelopes  of 
the  DAF  for  each  aircraft,  that  la,  all  of  the  DAF  curves  for  the  over¬ 
head  missions  listed  in  Table  G-l  were  plotted  and  then  curves  drawn 
through  the  maximum  and  minimum  values  for  each  aircraft.  The  DAF  spec¬ 
trum  lor  overhead  XB-70  flights  flown  at  Much  2.5  closely  corresponds 
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to  the  envelope  for  the  XB-70  in  Figure  G-l.  The  concept  of  DAF  provides 
a  ready  means  for  comparing  the  response  of  structures  to  sonic  booms 
generated  by  aircraft  of  different  size  and  for  predicting  structure  re¬ 
sponse  from  larger  aircraft  such  as  the  SST. 

Figure  G-2  shows  a  schematic  perspective  of  Test  Structure  E-2  and 
the  Phase  II  location  of  six  of  the  pressure  loading  microphones.  The 
relation  of  the  free-field-loading  microphones  to  House  E-2  is  shown  in 
the  Plot  Plan.  Figure  G-3  shows  DAF  spectrum  curves  determined  from 
loading  signatures  recorded  on  the  exterior  of  the  east  .vail  of  the 
dining  room  of  the  two-story  house,  E-2.  Note  that  the  curves  are  very 
similar  to  those  plotted  for  the  free-field  signatures,  and  that  the 
curves  fall  generally  within  or  slightly  below  the  envelopes  plotted  in 
Figure  G-l.  This  would  be  expected  as  the  shapes  of  these  loading  sig¬ 
natures  are  very  similar  to  the  free-field  signatures  except  for  the 
notch  at  the  beginning  and  end  of  the  loading  signature.  Figure  G-4 
shows  typical  pressure  signatures  in  and  around  House  E-2  for  flights  of 
XB-70,  B-58,  and  F-104  aircraft.  Note  the  variation  in  signature  shape 
for  -he  various  areas  in  the  house. 

Figure  G-5  presents  DAF  spectrum  curves  for  the  net  overpressure 
loading  on  the  east  wall  of  the  Dining  Room  in  House  E-2  for  the  missions 
noted  in  Table  G-l.  Net  overpressure  on  sn  element  Is  determined  by  sub¬ 
tracting  the  inside  overpressure  signsture  from  the  exterior  overpressure 
signature.  For  the  east  wall  of  the  Dining  Room  a  loading  microphone  was 
suspended  on  the  exterior  wall  and  another  microphone  was  suspended  in 
the  roam.  If  Figures  G-l,  G-3,  and  G-3  are  compared  it  can  be  seen  that 
near  the  natural  frequency  of  the  Dining  Room  wall  (20  Hz)  the  DAF  spec¬ 
trum  curves  for  the  free  field  signature,  exterior  loading  on  the  house 
and  the  net  overpressure  on  the  wall  are  In  general  agreement.  For  nat¬ 
ural  frequencies  of  3  to  8  Hz,  the  DAF  spectrum  for  net  overpressure 
indicates  greater  asipllflcatlon  of  tbr  overpressure  produced  by  the 
B-58  and  the  DAF  spectrum  for  the  XB-70  shows  a  similar  hump  for  the 
frequency  range  of  2.5  to  4  Hz.  The  DAF  spectrun  for  F-104  net  loading 
also  shows  a  similar  hump  for  the  frequency  range  of  20  to  40  Hz.  The 
lower  frequency  ranges  are  important  because  the  natural  frequencies 
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of  large  windows  sometimes  fall  in  these  ranges. 

As  noted  previously  accelerometers  were  mounted  on  the  exterior 
of  Houses  E-l  and  E-2  at  the  northeast  corners  to  measure  racking  dis¬ 
placements  of  the  two  structures.  The  racking  movement  of  E-2  at  the 
eave  line,  in  response  to  a  typical  flight  of  the  XB-70,  B-58,  and 
F-104  aircraft  during  Phase  II,  is  shown  in  Figure  G-6,  Figure  G-7  shows 
comparative  racking  displacements  for  the  XB-70,  B-58,  and  F-104  during 
Phase  I. 

Accelerometers  were  also  located  on  the  east  wall  of  the  Dining 
Room  and  north  wall  of  Bedroom  BR-1  in  House  E-2.  Both  rooms  are  lo¬ 
cated  at  the  northeast  corner  of  E-2,  the  Dining  Room  is  on  the  first 
floor  and  BR-1  is  on  the  second  floor  immediately  above.  An  accelero¬ 
meter  was  also  mounted  on  the  east  wall  of  Bedroom  BR-1  in  House  E-l. 
Figures  r-8  through  G-13  show  accelerometer  records  and  corresponding 
displacements  for  typical  XB-70,  B-58,  and  F-104  missions  for  the  east 
wall  of  the  Dining  Room  in  E-2.  Figures  G-14  through  G-16  show  outside, 
inside,  and  net  loading  pressure  signatures  on  this  wall  for  these 
missions.  The  acceleration  and  displacement  records  for  the  east  wall 
of  BR-1  in  E-l  are  similar  in  shape  but  slightly  less  in  magnitude  be¬ 
cause  the  E-l  wall  Is  smaller  and  therefore  less  flexible  than  the  corres¬ 
ponding  wall  In  F.-2.  The  displacements  of  the  north  wall  of  BR-1  in  F.-2 
are  also  similar  to  those  for  the  Dining  Room.  Figure  G-17  shows  the 
displacement  of  the  center  of  the  north  wall  of  BR-1  in  F.-2  for  XB-70  and 
F-1U4  flights  during  Phase  I  and  the  displacement  of  the  east  wall  of 
the  Dining  Room  in  E-2  due  to  a  B-58  boom  during  Phase  I.  Tabic  G-2  lists 
the  maximum  displacements  of  the  Dining  Room  east  wall  in  E-2  and  BR-1 
east  wall  in  E-l  for  a  number  of  Phase  II  overhead  flights, 

TYPICAL  RESULTS 

The  measured  values  of  wall  displacements  were  compared  with  values 
predicted  by  using  values  of  DAF  taken  from  spectra  curves  determined 
from  free  field  signatures  and  net  pressure  signatures  on  the  E-2  Dining 
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Table  G-2 

MAXIMUM  PLATE  DEFLECTIONS  FOR  OVERHEAD  FLIGHTS 


Channel  202:  E.  Wall,  BR-l,  E-l 
Channel  404:  E.  Wall,  DR,  E-2 


Aircraft 

Mission 

Average  Free 
Field  Peak 
Overpressure 
psf 

Deflection, 

Channel 

202 

Inches 

Channel 

404 

XB-70 

13-2 

2.00 

0.0208 

0.0298 

15-1 

2.18 

0.0187 

0.0313 

16-2 

2.29 

0.0211 

0.0339 

113-2 

2.20 

0.0198 

— 

B-58 

13-1 

2.21 

0.0193 

0.0311 

15-2 

2.34 

0.0188 

0.0323 

16-1 

2.25 

0.0184 

0.0320 

113-1 

2.61 

0.0216 

— 

F-104 

13-3 

2.01 

0.0129 

0.0215 

15-3 

2.31  * 

0.0131 

0.0231 

16-3 

2.0? 

0.0121 

0.0228 

113-3 

1.95 

0.0132 

— 
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Room  and  BR1,  E-l  walls  ,  The  comparison  of  predicted  versus  measured 
displacements  are  shown  in  Figures  n— 18,  C-19,  G-20  and  G-21  (see  Table 
G-3  for  missions  analysed).  The  displacements  predicted  using  OAF  values 
determined  from  free  field  signatures  and  peak  positive  overpressures  from 
these  signatures  compare  verv  well  with  the  measured  values. 

In  order  to  study  the  plate  response  of  large  windows,  loading  micro¬ 
phones  were  placed  to  measure  inside  and  outside  pressures  on  the  large 
glass  window  in  the  garage  of  F,-l  for  a  number  of  XB-70/B-58/ F-104  flights, 
see  Table  G-3.  A  strain  gage  was  located  at  the  center  of  the  window, 
see  Figure  G-22.  Strain  displacements  at  the  center  of  the  window  and 
ttie  corresponding  pressure  signatures  for  three  typical  missions  are 
shown  in  Figures  G-23,  G-24,  and  G-25.  It  is  evident  from  the  strain 
records  that  the  window  response  to  sonic  booms  from  the  flights  was  pri¬ 
marily  in  the  first  mode  of  vibration.  On  the  strain  records  for  the 
F-104  and  XB-70  missions  the  second  symmetrical  mode,  which  corresponds 
to  two  vertical  nodal  lines  at  the  third  points  of  the  window,  was  alsr 
present  (Figure  G-26).  The  amplitude  of  the  second  mode  strain  was  less 
than  +20  percent  of  the  first  mode  strain  which  means  that  the  corres¬ 
ponding  displacement  amplitude  was  2.2  percent  of  the  first  mode  displace- 
""  nt . 

Predicted  deflections  of  the  window  were  plotted  versus  measured 
det lections  in  Figure  G-27.  The  predicted  deflections  were  calculated 
using  DAF  .-a lues  from  spectra  curves  derived  from  free  field  signatures 
together  with  the  corresponding  free  field  peak  positive  overpressures. 

As  the  large  window  was  located  on  the  side  of  structure  away  from  the 
inbound  boom  pressure  wave,  a  trailing  vector  factor  was  used  in  the  cal¬ 
culations  to  reduce  the  free  field  peak  overpressure  values. 

Racking  displacements  at  the  roof  lines  were  negligible  (less  than 
ti.ooV)  when  K- 1  and  K-2  were  subjected  to  booms  In  the  order  of  2  psf. 
the  rack ing  displacements  caused  bv  F-104  and  B-58  missions  with  similar 
peak  overpressures  were  ?«*n*-ra!lv  larger  than  those  due  to  XH-70  missions. 
Several  factors  caused  tills  trend  in  response;  signature  duration,  air- 
,r»t«  speed,  and  building  length,  all  of  which  affect  the  net  pressure 
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signatures  on  the  houses.  Pressure  signatures  for  the  east  wall  and  west 
wall  .»nd  net  pressure  on  the  structure  for  typical  east  to  west  overhead 
flights  of  XB-70/B-58/F-104  aircraft  are  shows  in  Figures  G-2S,  G-29,  and 
G-30,  For  the  missions  shown,  the  time  lag  between  the  start  of  the  boom 
on  the  east  wall  and  the  west  wall  (building  length  divided  by  the  speed 
of  the  aircraft)  was  0.927,  0,031  and  0.033  seconds  for  the  XB-70,  B-58, 
and  F-104  respectively. 

Investigation  of  the  net  pressure  signatures  Indicated  why  the 
response  was  greater  for  the  B-58  and  F-104.  For  these  two  aircraft,  the 
net  pressure  signature  was  a  distorted  N-wave.  However,  the  XB-70  net 
pressure  signature  was  greatly  changed  and  was  reduced  to  two  very  short 
pulses  separated  by  approximately  0.25  sec.  This  net  pressure  signature 
produced  considerably  smaller  deflections,  as  would  be  expected. 

In  the  light  of  these  facts,  it  is  reasonable  to  expect  that  the 
future  SST,  with  a  faster  speed  and  a  pressure  signature  of  longer  dura¬ 
tion,  will  produce  racking  deflections  of  a  typical  house  that  will  be  of 
the  same  order  of  magnitude,  or  more  probably  smaller,  than  those  produced 
by  the  XB-70  for  comparable  overpressures.  However,  the  magnitude  of 
deflections  caused  by  booms  of  2  psf  overpressure  were  extremely  small  for 

all  aircraft,  and  were  below  levels  where  damage  could  be  expected  to 
1 

occur. 


DAMAGE  COMPLAINTS  AND  INVESTIGATIONS 
Edwards  AFB  is  located  near  a  number  of  small  cities  such  as 
Lancaster,  Rosamond,  Tehachapl,  and  Mojave.  It  was  anticipated  that  the 
aircraft  while  flying  test  program  missions  at  supersonic  speeds  would 
overfly  some  of  these  populated  areas  in  addition  to  personnel  housing 
and  other  buildings  at  Edwards.  Therefore,  provisions  were  made  to  have 
an  engineering  investigator  inspect  each  complaint.  In  addition,  a  sur¬ 
vey  was  made  of  ail  glass  windows  in  structures  at  Edwards  AFB  prior  to 
start  of  test  flights  in  order  to  establish  a  fairly  reliable  basis  for 
determining  what  glass  damage  was  caused  by  sonic  booms  produced  by  the 
test  program. 

There  .ire  i'l./JO  windo*-  panes,  including  glass  doors,  in  the  resi¬ 
dential  structures,  and  Ml, M»o  panes  of  glass  in  the  other  buildings  on 
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the  Bose,  A  total  of  400  cracked  panes  were  reported  in  the  residential 
structures  during  the  pre-test  survey.  During  the  test  program,  only 
three  broken  windows  were  reported  that  could  be  attributed  to  the  test 
flights.  A  total  of  269  cracked  panes  and  25  broken  or  missing  panes 
were  reported  for  the  other  buildings  during  the  pretest  survey.  Ho 
complaints  of  glass  damage  to  these  buildings  were  received  during  the 
test  program. 

During  the  June  1966  overflights  all  B-58  supersonic  flights  were 
flown  in  a  racetrack  pattern,  that  is,  the  craft  made  two  180°  turns  at 
supersonic  speeds  after  completing  the  run  over  the  test  structures. 

Of  necessity,  this  racetrack  pattern  caused  sonic  booms  to  be  produced 
over  several  cities  that  are  located  south  and  west  of  Edwards  AFB.  A 
total  of  50  complaints  of  damage  that  could  be  attributed  to  the  test 
program  were  received.  Thirty-three  of  these  complaints  after  investi¬ 
gation  appeared  to  be  for  damage  that  could  have  been  caused  by  sonic 
booms.  About  597c  of  all  complaints  received  were  for  alleged  glass 
damage,  17%  for  stucco  damage,  12%  for  structural  damage,  9%  for  bric- 
a-brac,  and  3%  for  bothersome  noise.  No  damage  was  observed  in  the  two 
test  house  structures  constructed  on  the  Base  or  in  the  leased  structure 
in  Lancaster. 

During  the  31  October  to  17  January  portion  of  the  program,  ten 
complaints  of  alleged  damage  were  received.  Of  these,  four  were  for 
glass  damage,  four  for  bric-a-brac,  none  for  stucco  or  plaster,  one 
for  structural  damage,  and  one  was  unknown  as  the  caller  did  not  specify 
the  type  of  damage.  After  investigation,  seven  of  the  complaints  appeared 
to  be  for  damage  triggered  by  a  sonic  boom  with  two  bric-a-brac  complaints 
apparently  caused  by  SR-71  flights  that  occurred  on  days  when  no  test 
program  flights  were  flown.  The  structural  damage  complaint  and  the 
one  lor  glass  damage  did  not  appear  to  be  for  damage  that  coulc  ha/e 
been  caused  by  a  sonic  boom.  It  seems  reasonable  that  the  major  reason 
lor  the  decrease  of  damage  complaints  during  the  latter  phase  of  the 
program  is  the  fact  that  only  the  XB-7U  flights  continued  at  supersonic 
speed  liter  passing  over  the  test  structures  on  the  Base.  All  B-58  and 
NiM  I  lights  slowed  to  subsonic  speeds  shortly  after  passing  over  the 
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test  structures.  No  discernible  damage  from  sonic  booms  was  observed 
in  the  test  structures  on  the  Base. 

Appendix  G-2  discusses  in  detail  all  complaints  received  during 
Phases  I  and  II  of  the  Edwards  Program,  the  results  of  investigations 
and  the  number  of  claims  paid.  Appendix  G-3  describes  the  pretest 
flight  window  survey  at  Edwards  and  the  complaints  of  window  damage 
received  due  to  test  flight  booms. 

DAMAGE  PREDICTION 

The  prediction  of  damage  to  a  structure  or  structural  elements  from 
a  sonic  boom  involves  the  consideration  of  many  factors,  some  of  which 
are  quite  complex.  It  presently  appears  possible  to  predict  the  response 
of  a  structural  element  to  a  sonic  boom.  If  a  response,  for  example, 
displacement,  of  a  structural  element  is  known,  the  stresses  in  the  ele¬ 
ment  can  be  calculated.  In  order  to  predict  the  magnitude  of  a  boom 
from  a  specified  aircraft  that  will  cause  a  crack  in  a  given  structural 
element,  the  average  displacement  to  cause  a  probable  first  crack  has  to 
be  calculated.  From  this  displacement,  the  equivalent  static  load  re¬ 
quired  to  cause  this  displacement  can  be  calculated.  This  static  load 
in  pounds  per  square  foot  can  then  be  compared  with  the  applicable  DAF 
to  obtain  the  average  magnitude  of  boom  required  to  cause  damage. 

Prediction  includes  an  element  of  uncertainty.  However,  when 
statistical  methods  are  used  in  predictions,  this  uncertainty  is  ex¬ 
pressed  as  a  probability.  To  obtain  this  probability,  the  strength  of 
the  structural  element  as  well  as  the  loading  on  the  element  must  be 
regarded  as  random  variables.  The  randomness  of  the  loading  can  be 
obtained  from  observations  made  during  the  test  program.  Little  is 
known,  howevc. ,  about  the  strength  and  the  randomness  of  the  strength 
of  older  in-place  materials.  To  use  statistical  methods  in  such  a  case, 
a  distribution  of  the  strength  must  be  derived  in  accordance  with  avail¬ 
able  data.  In  order  to  predict  damage,  much  more  data  arc  needed  on 
the  strengths  of  in-place  structural  materials  and  the  characteristics 
of  the  structures  and  structural  elements.  Structures  and  structural 
elements  need  to  be  classified  as  a  function  of  size,  materials,  age, 
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natural  frequency,  and  damping.  There  are  little  data  available  about 
the  in-place  strength  or  capacity  of  each  type  of  structural  element  in 
each  classification. 


SUMMARY  OF  RESULTS 

The  analysis  of  structural  response  data  and  the  investigation  of 
the  methods  for  predicting  structural  damage  are  in  progress.  The  pre¬ 
liminary  findings  are  as  follows: 

1,  Sonic  booms  from  large  aircraft  such  as  the  XB-70  and  the  fu¬ 
ture  SST  will  affect  a  greater  range  of  structural  elements 
than  will  smaller  aircraft  such  as  the  B-58  and  F-104;  these 
results  are  predictable  from  a  knowledge  of  the  characteristics 
of  the  boom  signature  and  the  response  characteristics  of  the 
structural  elements. 

2,  So  damage  was  observed  in  the  test  structures  during  these  ex¬ 
periments  that  could  be  attributed  to  sonic  booms;  however, 
some  damage  was  alleged  to  have  been  caused  by  sonic  booms  in 
houses  in  the  vicinity  of  EAFB  during  the  period  of  these 
tests;  a  total  of  57  complaints  of  damage  were  received  which 
resulted  in  the  filing  of  19  claims  against  the  government  for 
alleged  sonic  boom  damage, 

3,  A  pretest  survey  of  some  110,390  panes  of  glass  on  Edwards 
AFB  revealed  that  694  were  cracked,  broken,  or  missing.  Dur¬ 
ing  the  test  program,  only  three  complaints  of  glass  damage 
were  reported  that  could  be  attributed  to  sonic  booms  from 
the  test  flights. 
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CONSTRUCTION  OF  TEST  STRUCTURES 
FOR  SONIC  BOOM  EXPERIMENTS  AT  EDWARDS  AIR  FORCE  BASE 

The  types  of  test  structures  to  be  constructed  and  instrumented  were 
selected  after  review  of  many  different  house  plans.  Two  houses  were 
selected.  National  Homes  Model  8603,  a  two-story  house  and  Model  9855, 
a  one-story  house.  These  two  models  have  been  mass  produced  and  constructed 
in  the  mid-west.  A  survey  of  the  midwest  area  indicated  that  these  homes 
were  typical  of  contemporary  midwestern  construction. 

Model  8603  is  a  two-story  home  with  four  bedrooms,  two  and  one-half 
baths,  living  room,  dining  room,  kitchen  and  family  room  with  a  total 
living  area  of  1,905  square  feet.  Model  9855  is  a  one-story  home  with 
three  bedrooms,  two  baths,  living  room  and  kitchen  dining-family  room 
with  a  total  living  area  of  1,205  square  feet. 

Upon  receipt  of  approval  of  the  Contracting  Officer  a  Notice  to 
Proceed  with  construction  of  the  two  structures  to  be  built  on  Edwards 
Air  Force  Base  was  Issued  on  24  April  1966.  The  contractor  began  work 
on  the  following  day.  The  leased  structure  in  Lancaster  was  built  to 
specifications  identical  to  the  two-story  structure  at  Edwards  Air  Force 
Bose  and  construction  started  1  May. 

Blume  representatives  were  assigned  to  Edwards  Air  Force  Base  and 
Lancaster  to  monitor  the  construction  of  test  structures.  Photographs 
were  taken  periodically  of  each  structure  to  record  construction  tech¬ 
niques  and  progress.  The  basic  construction  materials  are  listed  in 
Attachment  A.  The  construction  of  the  houses  at  Edwards  AFB  included 
the  required  extensions  of  sewer,  water  and  butane  gas  services,  con¬ 
struction  of  concrete  driveways  and  sidewalks,  and  other  minor  work 
necessary  for  installation  and  operation  of  test  equipment.  All  test 
house  construction  was  completed  on  1  June  1966. 
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Drawings  of  Model  H6<»3  at  reduced  scale  are  Included  In  Attachment  B, 
Those  drawings  represent  the  "As-Built"  condition  of  the  structure. 

Please  note  that  Model  8603,  structures  E-2  and  L-2  were  actually  con¬ 
structed  opposite  hand  to  the  drawings.  In  other  words,  with  the  front 
oi  Model  Hfi»3  lacing  south  the  garage  is  on  the  west  side  of  the  structure. 
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ATTACHMENT  A 

CONSTRUCTION  MATERIALS  USED 

Pressure  Treated  Foundation  Grade 
Redwood 

Douglas  Kir  Construction  Grade 

5/8"  Plyscore  Plywood 

2"  x  4"  "Gangnail"  Wood  Trusses 

1/2"  U.S.  Gypsum 

Standard  and  Better  Douglas  Fir 

1"  x  6"  Standard  and  Better  Douglas  Fir 

Double  Strength  Libby-Ovens-Ford  and 
Pittsburg  Plate  Class 

3  1/2"  Ovens-Corning  Fiberglass  with 
Aluminum  Foil  One  Face 

Asphalt  235 If,  U.S.  Gypsum 

Local  Aggregate  5  Sacksof  Cement  per  Yard 

Ship-Lap  Redwood 
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COMPLAINTS  RECEIVED  AND 
RESULTS  OF  INVESTIGATIONS  OF  COMPLAINTS 


JADARD  was  assigned  the  responsibility  to  investigate  all  claims  and 
major  complaints  ol'  sonic  boom  damage  resulting  from  the  Edwards  AFB- 
Luneaster  test  flights.  Complaints  were  received  by  the  Base  Claims  OTfice 
with  daily  summaries  furnished  to  JABARD  personnel  during  the  test  flight 
period.  Base  Civil  Engineering  also  received  complaints  from  personnel 
occupying  residential  housing  on  the  Base.  The  total  number  of  complaints 
received  and  initially  attributed  to  the  Edwards  Test  Program  are  as 
follows: 


OFFICE  RECEIVING  COMPLAINT  NUMBER  OF  COMPLAINTS 

Phase  I  Phase  II 


Edwards  AFB  -  Claims  51 
Edwards  AFB  -  Civil  Engineering  8 
Air  Force  Plant  12.  Palmdale  _2 

til 
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PHASE  I  COMPLAINTS 


Table  G-2. 1  lists  all  complaints  received  during  Phase  I  of  the 
Test  Program.  The  date  each  complaint  was  received,  and  the  date  and 
time  of  day  alleged  damage  occurred  are  given.  Ten  of  the  til  complaints 
received  were  either  information  calls  (tii't  worried  that  damage  might 
occur',  complaints  about  sonic  boom  noise,  or  damage  that  occurred  prior 
to  the  program  or  from  other  causes  such  as  shot  from  a  boy's  B*B  gun. 

Of  the  remaining  fifty-one  complaints,  thirty-three  after  Investigation 
appeared  to  be  vulid  damage  complaints.  It  should  be  noted  that  in  munv 
cases  of  glass  complaints  repairs  had  been  made  prior  to  the  arrival  of 
i lie  engineer- Invest igator,  or  the  cause  of  the  cracks  *n  the  glass  could 
not  be  definitely  e  tabli shell  to  bo  Iron  causes  other  than  sonic  bo«>m. 
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TABLE  f:-2.S 


SUMMARY  OF  COMPLAINTS  ATT  HI  BtlTF.I)  TO  PH  ASK  I 
BY  LOCATION.  DATE,  AND  Tim 


Corip  1  ,i  i  i  ! 
Nu":!»i  I 

i.ocat !  -in 

Date  of  Receipt 
of  Complaint 

Time  of  Occurrence  of 
Date 

Aliened  Damace 
Time  of  Dnv 

61 

Lancaster 

1  August 

6  June 

1000-3030 

1 

Tehachapl 

6  June 

6  June 

1000-2000 

3 

Lancaster 

6  June 

6  June 

1000-2000 

6 

Rosamond 

9  June 

6  June 

0900-1100 

y/ 

EAFB 

— 

6  June 

— 

7 

Bars tow 

9  June 

6  June 

am 

S', 

HA  KB 

— 

6  June 

— 

•>  > 

Tehachapl 

20  June 

6  June 

am 

37 

EAFB 

— 

6  June 

-- 

■> 

Bar stow 

7  June 

7  June 

0930-1030 

4 

Rosamond 

9  June 

7  June 

0900-1100 

7 

Barstow 

9  June 

7  June 

am 

■>> 

Tehachapl 

20  June 

7  June 

am 

M 

EAFB 

8  June 

8  June 

0908 

b 

Rosamond 

9  June 

8  June 

0900-1100 

1 

Barstow 

9  June 

8  June 

am 

44 

Barstow 

27  June 

8  June 

0930 

b 

Rosamond 

9  June 

9  June 

0900-1100 

7 

Barstow 

9  June 

9  June 

am 

6 

Lancaster 

10  June 

9  June 

am 

12 

Tehachapl 

13  June 

9  June 

0930 

38 

Barstow 

9  June 

Prior  to  Program 

— 

n 

FAFB 

9  June 

9  June 

1400 

9 

Palmdale 

13  June 

13  June 

am 

10 

Lancaster 

13  June 

13  June 

09T3 

14 

Tehachapl 

14  June 

13  June 

am 

I'¬ 

l^ncaster 

20  June 

13  June 

1000-1200 

ll 

Rosamond 

13  June 

13  June 

— 

1! 

Lancaster 

21  June 

14  or  15  June 

0915 

60 

Lancaster 

24  June 

14  June 

1200 

SO 

EAFB 

— 

15  June 

1600-1615 

14 

Lancaster 

22  June 

16  June 

— 

16 

Tehachapl 

20  June 

20  June 

1030-1100 

!‘> 

Tehachapl 

21  June 

20  June 

1022  . 

21 

Tehachapl 

20  June 

20  June 

1043 

Teluciupi 

20  June 

20  June 

1044 

a  ( 

Lancaster 

20  June 

20  June 

moo 

Lancaster 

14  July 

20  June 

— 

>  ; 

Quart*  Hill 

21  June 

20  June 

am 

5 

Quart?  Hill 

20  June 

20  June 

1045 

i ; 

Tehachapi 

22  June 

20  June 

1015 

h  y 

Tehachapl 

6  July 

20  June 

— 

'  * 

Quirt?  Hill 

20  June 

20  June 

0910 

c-l-2-a 


5 

32 

18 

36 

39 

43 

47 


Lancaster 

21  June 

Lancaster 

22  June 

Tehachapi 

17  June 

Lancaster 

22  June 

Quartz  Hill 

22  June 

Palmdale 

27  June 

Lancaster 

7  July 

Week  of  6  June 
17  *■  11  June 
?. 

? 

■> 
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All  *»f  tin-  fifty-one  "valid"  complaints  were  investigated  except 
one  wiileh  was  classified  us  an  information  call.  For  each  complaint, 

AFI.C  Hints  liiiti ,  669 ,  and  670  were  used  for  recording  the  facts  found 
during  tile  engineer's  investigation.  In  addition,  special  note  was  made 
of  the  physical  orientation  of  the  damaged  item  in  each  structure.  Com¬ 
plaints  were  classified  as  to  whether  they  involved  glass,  plaster  or 
stucco,  bric-a-brac,  structural  elements  or  noise. 

UESCRIi’TIO.V  OF  FLIGHTS 

Two  primary  headings  were  flown  by  most  of  the  aircraft  during  the 
three  weeks  of  testing.  From  3  June  through  12  June  flights  were  flown 
from  east  to  west  on  u  heading  of  215°  magnetic.  Flights  from  13  June 
through  23  June  were  flown  cast  to  west  at  233°  magnetic.  Figure  G-2.1 
shows  the  scheduled  supersonic  "racetrack"  course  flown  by  B-58  aircraft 
from  3  June  through  12  June  with  the  location  and  type  of  complaint  re¬ 
ceived  plotted  thereon.  Tile  B-38  aircraft  maintained  essentially  constant 
speed  throughout  the  "racetrack”  pattern.  Radar  plots  indicate  that  some 
aircraft  did  not  follow  the  radius  of  turn  indicated.  Some  flights  were 
not  plotted  alter  the  aircraft  started  the  turn  to  the  north.  Note  that 
the  least  distance  from  the  flight  track  to  t he  Lancaster  test  structure, 
I.-2,  is  about  13  miles.  A  total  of  32  B-58  flights  at  Mach  1.5  to  1.G5 
were  Mown  over  this  racetrack  course.  Table  G-2.2  lists  the  number  of 
flights  for  each  aircraft  flown  supersonically  as  part  of  the  test  program 
during  the  3  June  to  12  June  period. 

Figure  G-2.2  shows  the  scheduled  supersonic  "race track"  course  flown 
hv  B-58  aircraft  from  13  June  through  23  June  witli  the  location  and  type 
ol  complaint  plotted  thereon.  The  'least  distance  from  the  flight  track 
to  the  Lancaster  test  structure'  for  the  233°  magnetic  track  is  about 
8  rules,  A  total  of  17  B-58  (lights  at  speeds  of  Mach  1.5  to  1.G5  were 
Mown  over  tins  course.  Table  G-2.3  lists  the  number  of  flights  for  each 
utreiMi!  Mown  supersonically  as  part  of  the  test  program  from  13  June 
through  23  June, 
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FIGURE.  Gfr-I 


TABLE  G-2.2 


AIRCRAFT  FLIGHTS  3  JUNE  THROUGH  12  JUNE 


Aircraft 

B-58 

XB-70 

F-104 

F-106 

SR- 71 


No.  of  Fllehts 
52 
3 
3 

18 

1 


Primary  Heading 
245°  M 

245°  M(H  262° 


TABLE  C-2.3 

AIRCRAFT  FLIGHTS  13  JUNE  THROUGH  23  JUNE 


Aircraft  No.  of  Flights 


B-58  48 
F-104  34 
SR-71  2 
YF-12  2 


Primary  Heading 

233°  M 
233°  M 


Comments 

Racetrack  Course 
Straight  Course 
Straight  Course 
Straight  Course 
Straight  Course 


Comments 

Racetrack  Course 
Straight  Course 
Straight  Course 
Straight  Course 
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LOCATION  AND  TYPES  OF  DAMAGE 


The  engineer’s  investigation  reports  were  analyzed  in  conjunction 
with  the  log  of  actual  flights  and  radar  plots  to  determine  if  the  type 
and  speed  of  the  aircraft  and  the  location  of  the  flight  path  could  be 
correlated  with  the  alleged  damage.  With  the  number  of  flights  flown 
dally  and  the  short  time  interval  between  flights,  it  was  difficult  to 
pinpoint  a  specific  boom  as  the  cause  of  damage  at  a  particular  location. 

The  major  problem  was  that  persons  filing  complaints  could,  as  a  rule, 
give  only  an  estimate  of  the  time  of  the  boom  which  caused  the  damage, 

Tli is  time  estimate  often  spanned  an  hour,  occasionally  a  whole  morning. 

In  addition,  many  of  the  radar  plots  did  not  show  the  entire  supersonic 
track  of  each  aircraft,  A  few  of  the  plots  started  before  the  aircraft 
reached  Barstow,  Many  plots  stopped  at  the  '’turn"  point  of  the  race¬ 
track  course, 

3  Juno  through  12  June 

The  complaints  received  wore  classified  as  to  type;  glass,  plaster 
or  stucco,  bric-a-brac,  structural  elements  or  noise.  Table  G-2.4  r  !sts 
all  complaints  attributable  to  the  3  June  -  12  June  flights.  Of  the 
1*1  complaints  received,  five  appear  not  to  be  valid,  i.e.,  information 
call,  damage  occurred  at  a  time  other  than  during  test  flights  or  damage 
was  due  to  causes  other  than  sonic  boom. 

In  two  instances  during  the  3  to  12  June  period,  specific  booms  can 
be  related  to  damage. 

Barstow  -  7  Juno  -  A  large  window  was  reported  broken  at 
about  0930.  The  radar  plot  started  some  distance  to  the 
east  and  shows  a  B-58  aircraft  maneuvering  to  get  on  the 
track  heading  at  about  this  time.  It  appears  that  Barstow 
was  less  than  five  miles  off  the  track  of  this  incoming 
ui rcraft . 

Edwards  AFB  Housing  -  8  Juno  -  A  bric-a-brac  complaint  was 
received  from  the  Base  housing  area  claiming  damage  to  a 
figurine  that  fell  Trom  a  shelf  at  0908.  The  flight  log 
data  show  a  boom  at  0908  at  Radar  Control  which  is  not  far 
removed  from  the  housing  area.  This  was  a  flight  displaced 
3  miles  north  of  the  flight  track  over  the  test  structures 
or  almost  over  the  Base  housing  area;  it  was  recorded  os  a 
3.1?  ps !  boom  ut  the  test  house  location  on  the  Base, 

Best  Avai!ah!e  Copy 
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TABI.E  C-2.4  -  COMPLAINTS  RECEIVED 


(3  June  -  12  June  1966  Track  at  245°  Mae) 


1.  Tehachapl  - 

0 

Glass 

D  -  May  not  file  claim 

2,  Barstow  -  R 

Glass  (large  plate) 

A  -  Claim  filed 

3.  Lancaster  - 

0 

Bric-A-Brac  and  Glass 

A  -  Will  not  file  claim 

4.  EAFB  -  R 

Bric-A-Brac 

A  -  Claim  filed  and  paid 

5.  Lancaster  - 

0 

Glass 

No  damage  -  just  worried 

6.  Rosamond  -  0 

Plaster  and  Stucco 

D 

7.  Barstow  -  0 

Stucco 

D 

8  Lancaster  - 

? 

Bric-A-Brac 

Information  call,  did  not  investigate 

12.  Tehachapl  - 

0 

Plaster 

A 

13.  EAFB  -  R 

Glass  (porch  light) 

D  -  Time  reported  does  not  coin¬ 
cide  with  program  flights 

44.  Barstow  -  0 

Stucco 

D 

52.  EAFB 

Glass 

A  -  Possibly  caused  by  program 
insufficient  data  available 

55.  EAFB  -  R 

Glass 

Insufficient  data  available 

57.  EAFB  -  R 

Glass 

D  -  Window  broken  by  B-B  gun 

59.  Barstow-  0 

Glass 

D  -  Damage  occurred  prior  to 
program 

61.  Lancaster- 

0 

Glass 

No  claim  filed. 

TOTALS  BY  TYPE  (One  complaint  Involves  two  types  of  damage) 

Glass  Plaster  and  Stucco  Bric-A-Brac 

10  4  3 


COMPLAINTj  -  AREA  TOTALS 


EAFB  5 
Tehachapl  2 
Barstow  4 
Lancaster  4 
Rosamond  1 


*  A  -  Recommend  approval  of  payment  If  claim  Is  filed. 
D  -  Recommend  denial  of  payment  If  claim  (a  filed. 

0  -  Owner 
R  -  Renting 

?  -  0  or  R  Information  not  available 
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1  It  June  through  21  June 


i 


The  number  of  complaints  Increase!  markedly  with  the  change  in 
ri ight  head t ng ,  however,  nearly  half  of  the  complaints  occurred  on  two 
days.  Table  G-2.5  lists  all  complaints  received  which  are  attributable 
to  the  233°  magnetic  heading.  Nineteen  incidents  of  damage  in  eighteen 
complaints  were  reported  on  20  and  21  June.  Included  in  these  two  days 
are  all  complaints  from  the  Quartz  Hill  area,  one  from  Lake  Isabella, 
four  from  Lancaster  and  six  from  Tehachapi.  Both  days  included  a  number 
of  flights  with  3  psf  nominal  overpressures.  Average  overpressures  re¬ 
corded  at  Edwards  AFB  show  three  booms  over  3  psf,  eight  over  2,5  psf, 
four  over  2.0  psf,  all  other  except  two  flights  over  1,5  psf.  The  radar 
plots  show  an  aircraft  at  0935  on  20  June  descending  before  reaching 
Rosamond.  Complaints  from  Ouartz  Hill  and  Lancaster  give  estimates  of 
damage  occurring  both  before  and  after  this  time.  The  radar  plots  also 
show  several  aircraft,  which  can  not  be  identified  by  time,  in  descent 
on  both  20  and  21  June  in  the  vicinity  of  Tehachapi.  No  complaints  were 
received  for  booms  on  the  15th  and  16th  of  June  and  only  one  was  received 
for  damage  occurring  on  the  1-lth.  The  maximum  average  overpressure  re¬ 
corded  ot  Edwards  Test  Structure  E-2  for  these  three  days  was  3.75  psf 
at  0915  on  15  June  1966. 

Tables  G-2.6  and  G-2.7  list  complaints  by  type  and  aircraft  heading, 
and  by  location  and  aircraft  heading  respectively. 

For  flights  flown  on  a  233°  magnetic  heading,  two  specific  flights 
can  be  related  to  damage: 

Tehachapi  -  20  June  -  The  Postmistress  happened  to  be  looking 
at  a  clock  opposite  her  desk  at  the  time  a  boom  (l)  broke  a 
window  in  the  U.8.  Post  Office  and  (2)  extended  cracks  and 
broke  a  window  in  a  department  store  In  the  same  building. 

The  time  was  noted  us  1013,  tile  radar  plot  indicates  a  B-58 
aircraft  at  that  time  had  just  turned  onto  the  easterly  leg 
of  the  track  a  short  distance  beyond  Tehachapi, 

Lake  Isabella  -  20  June  -  A  window  was  reported  broken  at 
approximately  0915.  Hie  radar  plot  shows  a  B-58  aircraft 
in  a  supersonic  turn  in  the  vicinity  of  Lake  Isabella 
al  omm.  This  is  approximately  30  miles  north  of  the  re¬ 
turn  leg  «*(  the  i  rack. 
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TABLE  G-2.3  -  COMPLAINTS  RECEIVED 


(13  June  -  23  June  1966,  Track  233°  Mag 


Location 

Type 

Results  of  Investigation 

9.  Palmdale  -  0 

Glass 

A 

10.  Lancaster  -  0 

Glass 

A  -  Claim  filed  and  paid 

11.  Rosamond  -  0 

Bric-a-brac  and  plaster 

A  -  Bric-a-brac 

D  -  Plaster 

14.  Tehachapi  -  0 

15.  Lancaster  -  0 

Glass 

Structural  (Exposed  ceil¬ 
ing,  beams  twisted) 

A  -  Claim  Filed 

D 

16.  Tehachapi  -  0 

Glass 

A 

17.  Tehachapi  -  0 

Glass 

A  -  Claim  filed  and  paid 

18.  Tehachapi  -  0 

Glass 

D  -  Old  paint  in  crack 

19.  Tehachapi  -  0 

Glass  (2  complaints  on 
consecutive  days) 

A  -  Claim  filed  and  paid 

20.  Tehachaol  -  0 

Glass 

A  -  Claim  filed  and  paid 

21.  Tehachapi  -  0 

Glass  (large  plate) 

A  -  Claim  filed  and  paid, 
building  leased  by  U.S. 

Post  Office. 

22.  Tehachapi  -  R 

Glass  (large  plate  -  3) 

A  -  Claim  filed  and  paid,  same 
bldg,  as  U.  S.  Post  Office. 

23.  Tehachapi  -  R 

Glass  (large  plate) 

A  -  Claim  filed  and  paid 

24.  EAFB  -  0 

Glass  (Windshield) 

Complaint  withdrawn. 

25.  Lancaster  -  R 

Glass 

A  -  7  52 

26.  Lancaster  -  0 

Glass  (2  large,  laminated 
tinted  plate) 

A  -  Negotiate  settlement. 

27.  Quartz  Hill  - 

0 

Structural  (Light  fixture 
fell) 

D 

28.  Quartz  Hill  - 

0 

Glass 

A 

29.  Quartz  Hill  - 

0 

Glass 

A 

30.  Lancaster  -  0 

Structural  and  Plaster 

A  -  Will  not  file  claim. 

31.  Lancaster  -  0 

Bric-a-brac 

A 

32.  Lancaster  -  0 

Glass  (T.V.) 

D  -  Probably  will  not  file  claim 

33.  Lancaster  -  0 

Glass 

A  -  Claim  filed  and  paid 

34.  Lancaster  -  0 

Stucco 

D  -  Probably  will  not  file  claim 

35.  Palmdale  -  R 

Glass 

A  -  Partial  payment,  inspected 
by  Sgt.  Talley 

36.  Lancaster  -  0 

Plaster  and  Stucco 

D  -  Will  not  file  claim 

37.  Quartz  Hill  - 

0 

Glass 

A 

38.  Lake  Isabella 

■  0 

Glass 

A  -  Claim  filed,  partial  pay. 
one  pane  broken  before  program 

39.  Quartz  Hill  - 

0 

Structural  (Irrig.  piping) 

Information  call,  will  not 
file  claim 

40.  Lancaster  -  0 

Plaster 

A  -  502  claim  filed  and  paid 

41  Quartz  Hill  - 

0 

Structural  (Attic  access 
cover) 

Information  call,  will  not 
file  claim 

42.  Quartz  Hill 

Glass 

A 

43.  Palmdale  -  0 

Structural  (Reservoir 
crack) 

D  -  Will  not  file  claim 

45.  Tehachapi  -  0 

Structural  (Brick  column) 

D  -  Will  not  file  claim 
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TABLE  G-2,5  Continued 


46. 

Location 

Tehachapi  -  0 

Type 

Glass 

Results  of  Investigation 

A 

47. 

Lancaster  -  0 

Glass  and  Tile 

A  -  Glass 

48. 

Quartz  Hill  - 

Noise 

D  -  Tile 

Complaint  thru  AF  Plant  42, 

49. 

Lake  Hughes  - 

Noise 

no  damage  reported 

Complaint  thru  AF  Plant  42 

50. 

EAFB  -  R 

Glass 

no  damage  reported 

A 

51. 

EAFB  -  R 

Glass 

A 

53. 

EAFB  -  R 

Glass 

D  -  Insufficient  data  available 

54. 

EAFB  -  R 

Glass 

D  -  Insufficient  data  available 

56. 

EAFB  -  R 

Glass 

D  -  Window  broken  in  1965. 

58. 

Tehachapi  -  R 

Glass 

A 

60. 

Lancaster  -  ? 

TOTALS 

Light  Fixture 

BY  TYPE  (Several  involve  more 

than  one  type  of  damage) 

Glass  Plaster 

and 

Stucco  Bric-A-Brac 

Structural  Noise 

31 

6 

2 

7  2 

COMPLAINTS  -  AREA  TOTALS 


EAFB  6 
Tehachapl  12 
Rosamond  1 
Lancaster  13 
Quartz  Hill  8 
Palmdale  3 
Lake  Isabella  1 
Lake  Hughes  1 


*A  -  Recommend  approval  of  payment  if  claim  is  filed 
D  -  Recommend  denial  of  payment  if  claim  is  filed 
0  -  Owner 
R  -  Renting 

7  -  0  or  R  information  not  available. 
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1AB1.E  n-2-6  -  CO'’!  LA  I  NTS  BY  TYf’K  ASH  AIRCRAFT  HEADING 


Track 

and 

Dates 

Class 

Plaster 

and 

Stucco 

mrmm 

H 

Structural 

Noise 

Total 

245°  Mag 

3-12  June 

7 

4 

3 

0 

0 

14 

233°  Mag 
13-23  June 

31 

6 

2 

7 

2 

48 

*4  Complaints  involved  two  types  of  damage 


TABLE  C-2.7  -  COMPLAINTS  BY  LOCATION  AND  AIRCRAFT  HEADING 


AREA 

245°  Mag  3-12  June 

233°  Mag  13-23  June 

Total 

EAFB 

5 

6 

11 

Tehachapi 

2 

12 

14 

Rosamond 

1 

1 

2 

Bars tow 

4 

0 

4 

Lancaster 

4 

13 

17 

Quartz  Hill 

0 

8 

8 

Palmdale 

0 

3 

3 

Lake  Isabella 

0 

1 

1 

Lake  Hughes 

0 

1 

1 

TOTALS 

16 

45 

61 
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A  complaint  was  recoi  ved  from  a  high  school  district  claiming  a  row 
of  light  fixtures  had  fallen  due  to  sonic  booms  during  the  morning  of 
20  June  1961}  at  their  high  school.  The  school  is  located  approximately 
nine  miles  south  of  the  flight  track  and  approximately  7,5  miles  SW  from 
the  test  house  L-2  in  Lancaster.  The  maximum  average  overpressure  re¬ 
corded  at  L-2  on  the  20th  of  June  was  1,77  psf  for  Mission  9BB  at 
time  1016.  The  fixtures  involved  were  eight-foot  long  industrial,  fluo¬ 
rescent,  two-tube  fixtures,  mechanically  connected  to  form  one  row.  They 
were  hung  with  five  lengths  of  "s"  type  chain  approximately  five  feet 
long  which  were  fastened  to  the  metal  roof  decking.  At  approximately 
1300  on  20  June  the  fixtures  were  found  on  the  floor  partly  draped 
across  a  chair.  Investigation  showed  that  many  of  the  chain  links  sup¬ 
porting  the  fixtures  had  been,  at  some  unknown  time,  opened  sufficiently 

\ 

(the  links  were  almost  L-shaped)  for  the  chain  to  come  apart,  thus  allow¬ 
ing  the  fixtures  to  fall.  Static  loading  tests  were  conducted  on  pieces  of 
the  fixture  chain  and  on  pieces  of  almost  identical  new  chain.  These  tests 
showed  the  supporting  chain  to  have  a  separating  strength  of  125  pounds; 
the  fixtures  had  a  dead  load  weight  of  70  pounds.  Under  normal  condi¬ 
tions  this  difference  between  the  dead  weight  load  and  the  ultimate  strength 
of  the  supporting  chains  would  imply  an  inadequate  margin  of  safety.  Never¬ 
theless,  even  when  extreme  conditions  of  sonic  boom  loading  were  assumed 
it  was  not  possible  to  predict  loads  exceeding  the  125  pound  ultimate 
strength  of  the  supporting  chums.  After  this  detailed  investigation  it 
was  concluded  that  sonic  booms  could  not  and  did  not  cause  the  chain  links 
to  deform  and  the  fixtures  to  fall. 

Of  the  total  "valid"  complaints  received,  35  were  made  by  owners  of 
the  structures  involved.  A  total  of  16  claims  have  been  filed  with  the 
Edwards  AFB  Claims  Office.  Fifteen  of  these  claims  for  a  total  of 
{1,359,93  have  been  paid.  One  claim  is  still  pending. 

flu*  combined  population  of  Palmdale,  Lancaster,  Rosamond,  Qjartz  Hill 
ur.d  Tchacliapl  is  about  15, into.  Assuming  19  window  panes  per  person,1  a 

1  Southwest  Research  Institute  Report,  Evaluation  of  Window  Pane  Damage 
Intensity  in  San  Antonio  Resulting  from  Explosion  at  Medina  Facility 
of  November  13,  1963. 
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total  of  about  850,000  panes  were  sub  )e -ted  to  :onit'  lx  Min,  As  sum  dr 
11  panes  per  person  (based  on  the  total  number  of  window  panes  at 
Edwards  AFB)  o  total  of  495,000  panes  of  all  sizes  were  subjected  to 
sonic  boom.  A  total  of  30  complaints  of  glass  pane  damage  was  received 
for  the  13  to  23  June  period.  Forty-seven  B-58  flights  were  flown  re¬ 
sulting  in  an  average  of  0.64  complaints  per  flight  or  about  one  cracked 
pane  per  0.77  to  1.33  million  exposures. 

PHASE  II  COMPLAINTS 

Table  G-2.8  lists  complaints  received  that  could  be  attributed  to 
flights  during  Phase  II  (31  October  1966  through  17  January  1967).  Three 
of  the  complaints  were  for  alleged  damage  that  occurred  on  days  when  no 
Test  Program  flights  were  flown. 

Five  glass  damage,  four  bric-a-brac,  and  two  structural  damage  com¬ 
plaints  were  recorded.  After  investigation  seven  of  the  complaints  were 
recommended  for  payment  if  claims  are  filed;  five  could  be  assigned  to 
test  program  flights.  As  of  April  10,  1967,  three  claims  have  been  filed 
and  $40.00  has  been  paid  for  one  approved  claim.  Two  claims  are  still 
unsettled.  Table  G-2.9  presents  a  summary  of  claims  received  during 
Phase  II. 

SUMMARY  OF  FINDINGS 

The  above  text  has  presented  the  status  of  complaints  and  claims  as 
of  10  April  1967.  Overpressure  measurements  are  not  available  for  the 
major  complaint  areas. 

The  following  comments  can  be  mode; 

1.  No  sonic  boom  damage  was  observed  in  the  test  structures 
prior  to  or  after  the  test  flights.  There  were  minor 
shrinkage  cracks  in  the  test  structures  prior  to  start 
of  test  flights.  However,  no  discernible  extension  or 
widening  of  these  cracks  was  observed  although  observa¬ 
tions  were  made  nnd  recorded  daily. 

2.  Alleged  glass  damage  represents  63  percent  of  all  complaints 
received,  14  percent  for  plaster  or  stucco,  12  percent  for 
structural,  8  percent  for  bric-a-brac,  and  3  percent  for 
bothersome  noise. 
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TABLE  G-2,8 


SUMMARY  OF  COMPLAINTS  ATTRIBUTED  TO 
PHASE  II  BY  DATE,  LOCATION  AND  TIME 


Complaint 

Number _ Locat  ion 


Time  of  Occurrence  of 
Date  of  Receipt  Alleged  Damage 

of  Complaint _ Date _ Time  of  Day 


62 

Lancaster 

11/10/66 

11/10/66 

Unknown 

63 

Mojave 

11/16/66 

11/16/66 

1150 

6  k 

Lancaster 

11/25/66 

11/23/66 

1035 

69 

Lancaster 

11/28/66 

11/23/66 

1004  &  : 

'  3 

EAFB 

12/1/66 

12/1/66 

1040 

66 

EAFB 

12/1/66 

12/1/66 

0130  -  : 

67 

Rosamond 

12/8/66 

12/8/66 

1230 

68 

Rosamond 

12/8/66 

12/8/66 

1239 

70 

Mojave 

12/15/66 

12/8/66 

1200 

71 

Lancaster 

1/3/67 

Damage  not 

related  to 

any  boom. 

72 

Lamont 

1/17/67 

1/17/67 

1015  -  : 
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TABLE  C-2.9 


SUMMARY  OF  COMPLAINTS  AND 
RFSULTS  OF  INVFSTICATION 


Complaint 

Number _ Location _ Type  of  Primage _ Results  of  Investigation 


62-0 

Lancaster 

Glass 

63  -  R 

Mo  j  ave 

Glass 

64-0 

Lancaster 

Bric-A-Brac 

65  -  R 

Edwards  AFB 

Bric-A-Brac 

66  -  R 

Edwards  AFB 

Bric-A-Brac 

67  -  0 

Rosamond 

Glass 

68-0 

Rosamond 

Bric-A-Brac 

69  -  R 

Lancaster 

Structural 

70-0 

Mojave 

Glass 

71-0 

Lancaster 

Structural 

72-0 

Lamont 

Glass 

A  -  XB-70  -  8  miles  south  of 
designed  track. 

A  -  B-58  turning  over  Mojave 
A  -  XB-70  approximately  1.25 
miles  north  of  residence. 

A  -  Not  Caused  by  program  flights. 

A  -  Not  Caused  by  program  flights. 

D  -  B-58  over  Rosamond  12/8/66. 

D  -  Not  caused  by  program  flight. 

D  -  Not  boom  damage. 

A  -  B-58  over  Mojave 
D  -  Not  boom  damage 
A  -  XB-70  turning  over  Lamont 
(approx.  7  mi.  south  of  Bakersfield) 


0  -  Owner 
R  -  Renting 

A  -  Recommend  approval  of  payment  if  claim  is  filed 
D  -  Recommend  denial  of  payment  if  claim  is  filed 


CUSS  STRUCTURAL  BRIC-A-BRAC 


5  2  1 

XB-70  -  2  2  not  boom  damage  XB-70  -  1 

B-58  -  3 
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3,  The  glass  panes  damaged  ranged  in  size  from  1,3  square 
feet  to  82,5  square  feet  (Barstow  store  front).  See 
Table  G-2.10, 

4,  Glass  damage  was  often  repaired  before  the  engineer  could 
investigate  the  alleged  damage  and  hence,  the  validity 
of  all  glass  claims  could  not  be  definitely  established, 

5,  The  large  decrease  in  number  of  complaints  during  Phase  II 
can  be  attributed  to  two  factors;  (a)  the  B-58  aircraft 
made  turns  and  other  maneuvers  at  supersonic  speed  over 
several  cities  during  Phase  I,  and  (b)  during  Phase  II 
only  the  XB-70  flew  supersonically  over  cities  near  to 
Edwards  AFB. 
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TABLE  C-2.10 


SIZES  OF  DAMAGED  GLASS 

Previous 

- Condition  Sq.Ft,  Size  of  Glass  In  Feet  Frame  0r<enr,z lon 


Tehachapi 

Cracked 

17.2 

Bars tow 

Good 

82.5 

Palmdale 

Cracked 

6.0 

Palmdale 

Good 

6.0 

Lancaster 

Good 

9.9 

Tehachapi 

Good 

16.2 

Tehachapl 

Good 

10.8 

Tehachapi 

Good 

6.25 

Tehachapi 

Good 

9.0 

Tehachapi 

Good 

9.0 

Tehachapi 

Good 

4.2 

Tehachapi 

Good 

62.0 

Tehachapi 

Good 

23.5 

Tehachapi 

Good 

20.25 

Quartz  Hill 

Good 

5.0 

(Lancaster) 
Quartz  Hill 

Good 

4.4 

Palmdale 

Small 

crack 

63.0 

Lake  Isabella 

Good 

7.6 

Lake  Isabella  Good 

1.3 

Tehachapi 

Good 

23.75 

Lancaster 

Good 

6.0 

Lancaster 

Good 

4.5 

Quartz  Hill 

Good 

9.0 

Quartz  Hill 

Good 

9.0 

Tehachapi 

Good 

3.0 

Tehachapi 

Good 

5.0 

Lancaster 

Cracked 

(1") 

27.0 

2.75  x  6.25P  (Sliding  Door) 

8.5  x  9.7P  (Store  Front) 

1.5  x  4W  (Fixed) 

1.5  x  4W  (Crank  out) 

3  x  3.3W  (Sliding) 

3.6  x  4.5W  (Fixed) 

3  x  3.6W  (Fixed) 

2.5  x  2.5W  (Vert,  sliding) 

3  x  3W  (Fixed) 

3  x  3W  (Fixed) 

5.6  x  7.5P  (Store  front) 

6.75  x  9.2P  (Store  front) 
2.25  x  9.2P  (Store  front) 

6.75  x  3P  (Store  door) 

2  x  2.5W  (Hor.  sliding) 

2.2  x  2W  (Vert,  sliding) 

7  x  9P  (Store  Front) 

2  x  3.8W  (Hor.  sliding) 

1  x  1.3W  (Hor.  sliding) 

3.75  x  6.3W  (Fixed) 

1.5  x  4H  (Crankout) 

1.5  x  3W  (Crankout) 

3  x  3W  (Fixed) 

3  x  3W  (Fixed) 

1.5  x  2.5V  (Vcrt.aliding) 

2  x  2.5W  (Vert.aliding) 

6  x  4.5W  (Vert.aliding  door) 


Al. 

South 

Al. 

Southeast 

Al. 

South 

Al. 

South 

Al. 

East 

Wood 

West 

Al. 

North 

Wood 

East 

Al. 

West 

Al. 

West 

Al. 

East 

Al. 

East 

Al. 

East 

Al. 

East 

Al. 

West 

Wood 

East 

Al. 

North 

Al. 

East 

Al. 

North 

Al. 

South 

Al. 

South 

Al. 

South  (Same  House) 

Al. 

East 

Al. 

East  (Same  House) 

Wood 

East 

Wood 

East  (Same  House) 

Al. 

West 
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Previous 


Location 

Condition 

Sq.  Ft. 

Size  of  Glass  in  Feet 

Frame 

Orientation 

Quartz  Hill 

Good 

2.0 

1  x  2W  (Vert .sliding) 

Wood 

North 

Quartz  Hill 

Good 

4.0 

2  x  2W  (Fixed) 

Wood 

North  (Same  House) 

Lancaster 

Good 

8.0 

2  x  4W  (Crankout) 

Al. 

South 

Lancaster 

Good 

4.5 

1.5  x  3W  (Crankout) 

Al. 

South 

Lancaster 

Good 

4.5 

1.5  x  3W  (Crankout) 

Al, 

South  (Same  bldg.) 

Lancaster 

Good 

32.0 

4  x  8W  (Fixed  3  layer 
Laminated) 

Wood 

West 

Lancaster 

Good 

24.0 

3  x  8W  (Fixed  3  layer 
Laminated) 

Wood 

West  (Same  House 

Lancaster 

Good 

7.0 

1.83  x  3.83W(Fixed) 

Al. 

East 

Mojave 

Good 

6.8 

1.75  x  3.9W(Crankout) 

Al. 

East 

Rosamond 

Poor 

24.3 

3.83  x  6.33P  (Hor.  Sliding) 

Al. 

South 

Mojave 

Good 

47,1 

4.67  x  lO.lP(Fixed) 

Al. 

West 

Lamont 

Good 

6.9 

1.83  x  3.75W  (Hor.  Sliding) 

Al. 

South 

Note: 

Al.  -  denotes  aluminum  sash 
P  •  denotes  plate  glass 
W  -  denotes  window  glass 
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SURVEY  OF  GLASS  WINDOWS  AT 
EDWARDS  AIR  FORCE  BASE 

by 


John  A.  Blume  It  Associates  Research  Division 
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Appendix  G-3 

SURVEY  OF  GLASS  WINDOWS  AT 
EDWARDS  AIR  FORCE  BASE 


Prior  to  the  test  program  a  survey  was  conducted  of  all  window  glass 
panes  in  structures  located  at  Edwards  AiB,  The  letter  shown  in  Fig¬ 
ure  G-3,!a  and  the  Survey  Form,  Figure  G-3, lb  were  sent  to  all  occupants 
of  Base  housing  on  25  May  1966  via  the  Daily  Bulletin  published  by  the 
Base,  There  were  2,226  residential  units  on  the  Base,  Of  these,  567  or 
about  25  percent  of  the  residents  returned  completed  forms.  A  total  of 
101  cracked  window  panes  were  reported  by  the  residents  who  returned  forms 
for  a  probable  total  of  about  400  cracked  panes  in  the  population  of 
49,730  window  panes  (including  glass  doors)  in  the  base  residential 
housing. 

In  addition  to  the  residential  units,  all  buildings  and  facilities 
used  for  Base  operations  were  surveyed.  The  letter  shown  in  Figure  G-3. 2a 
together  with  the  form  in  Figure  G-3. 2b  were  sent  to  the  custodians  of 
the  2,912  buildings  located  on  the  Base.  All  forms  were  returned  repre¬ 
senting  a  total  of  60,660  panes  of  glass.  Two  hundred  and  sixty-nine 
cracked  panes  and  25  broken  or  missing  panes  were  reported. 

Table  G-3.1  lists  the  number  of  housing  and  building  units,  the  total 
number  of  window  panes,  and  the  number  of  broken  and  missing  psnes.  A 
total  of  110,390  glass  panes  was  exposed  to  sonic  booms  during  the  test 
program.  Of  the  eight  glass  damage  complaints  recelvod,  three  appear  to 
be  damage  that  could  have  been  caused  by  sonic  booms  produced  by  aircraft 
in  the  test  program. 

Assuming  an  average  of  about  4  persons  per  residential  unit  or  a 
total  resident  population  of  10,000  people,  there  was  an  average  of  11 
window  panes  per  person,  all  buildings  on  Base,  or  sn  average  of  five 
panes  In  residential  bousing  per  person.  Based  on  a  total  of  2S6  super¬ 
sonic  test  flights  over  the  Base  during  Phase  I  and  II,  there  was  an 
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average  of  ono  cracked  pano  per  10,6  million  exposures  (total  panes  on 
Base)  or  one  cracked  pane  per  4.77  million  exposures  of  residential 
glass.  It  should  be  realized  that  Base  buildings  have  been  exposed  to 
sonic  boons  of  highly  varying  frequency  and  intensity  over  the  past 
several  years, 

TABLE  G-3.1 

TABULATION  OF  WINDOW  GLASS  SURVEY 

BASE  OPERATION  BUILDINGS  AND  FACILITIES 
2,912  units 

60,660  window  panes  total 
269  cracked  panes 
25  broken  or  missing  panes 

BASE  HOUSING  (25  percent  reported) 

2,226  units  total  determined  from  base  housing  plans 

49,730  window  panes  total  Including  glass  door 

101  cracked  panes  (404  based  on  25$  reporting  101  panes) 

0  broken  or  missing  panes 

COMPLAINTS  OF  DAMAGE 
110,390  total  panes  of  glass 

8  broken  windows  reported  to  Base  Civil  Engineer  Office 

Or  the  eight  complaints  ol'  window  damage  received,  three  could  be 
attributed  to  sonic  booms,  one  had  beon  broken  for  about  a  year,  one 
was  broken  by  n  B-B  gun,  one  location  hud  n  new  occupant,  one  was  in  a 
vacant  house  ami  at  one  house  the  tnvostigulor  was  unable  to  contact 
anyone. 

Several  locations  were  checked  that  had  reported  cracked  panes  in 
the  glass  survey  made  before  tho  tost  program  began.  None  of  the  occu¬ 
pant.'  reported  observing  any  change  in  these  pones  during  the  test  flights. 
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HEADQUARTERS.  GjIOTH  AIR  ISACL  CMO UP  »AFSC» 
EDWARDS  AIK  FORCE  LAC  LI.  CALIF.  03S23 


AtFLV  TO 

*rm  of  1  *2 


BU6JECT 


Sonic  3oo.t.  Testing  Program 


T0;  All  Occupants,  3ase  Housing 

1,  A  sonic  boom  testing  program,  as  part  of  the  National  Sonic 
Boom  Evaluation  Program,  vill  be  conducted  at  Edvards  Air  Force 
Base.  This  base  was  selected  for  the  test  site  because  of  its 
inventory  of  high  performance’  aircraft,  availability  of  2300 
family  housing  units,  weather  conditions,  and  the  already  existing 
Air  Force,  NASA,  and  Federal  Aviation  Agency  centers. 

2.  As  part  of  this  program  it  is  necessary  to  record  the  type 
and  the  condition  of  the  vlndov  glass  in  all  the  buildings  on 
the  base. 


3.  Please  complete  the  attached  form  by  inserting  the  correct 
number  or  checking  the  appropriate  box.  Completed  forms  must 
be  returned  to  Base  Housing  Office  (FTBSK)  not  later  than  Tuesday, 
7  June  1966.  Sponsors  mey  return  forms  by  means  of  the  mail  and 
distribution  system  or  deliver  them  in  person. 


b.  The  cooperation  of  all  personnel  is  solicited. 


Colonel,  USA? 
Base  Commander 


FIGURE  G-3 . la 


CLASS  SURVEY 


I. 


3. 

4. 


EDWARDS  AIR  FORCE  BASE  HOUSING 


House  Numbc r_  sm  l  apint 
(Address)  l 

_ 

(Panes  of  glass  which  can  not  be  opened) 

\  * 

Number  of  Movable  Windows _ 


Number  of  Fixed  Window 


(Panes  of  glass  which  can  be  opened  by  slicing  or  are  hinged) 

Number  of  Window  Panes  larger  than  20  square  feet  (4  ft.  x  5  ft.) 
(Include  doors)  2s _ _ _ 


FIGURE  C-3.1 


5.  Number  of  Window  Panes  that  arc  presently  cracked,  broken  or  missing 
'0  1  2  3  4  5  or _ (number) 

(Circle  correct  number  of  window  panes) 
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*1  fVY  TO 
ATTN  Or  FY.J. 


DEPARTMENT  CE  THE  AIR  FORCE 
hcaoouak7£:ks.  cujovr:  a:n  ::ad::  gxou?  <afsc> 

CDWAXDO  AIN  FOhCC  LAS2.  CALIr.  0SS2S 


25  May  66 


sudjlct  National  Sonic  Boom  Evaluation  Program  Class  Survey 


TO;  All  Building  Custodians 

1.  A  portion  of  subject  program  is  soon  to  be  conducted  at  Edvards 
Air  Force  Race.  Included  In  the  program  is  a  survey  of  2II  window 
glass  on  the  base;  tnerefore,  it  is  requested  that  the  inclosed  fora 
be  completed  and  returned  to  FTYAA-2  no  later  than  6  Jur.c  !Sc6.  ■ 


2.  A  compass  orientation,  such  as  N.,  N.E.  or  E. ,  etc.,  should  be 
listed  in  the  proper  column  and  the  window  panes  can  then  be  tallied 
by  their  orientation. 


3.  Under  unusual  conditions,  list  the  existence  of  exceptionally 
large  windows  (over  100  sq.  ft.),  wire  "lass,  unusual  mounting,  etc. 
These  windows  should  be  included  in  the  regular  tally.  If  partitions 
with  glass  are  located  within  the  building,  it  should  be  noted,  but  r.ct 
included  in  the  tally. 


Colonel,  US.-.F 
Base  Commander 


1  Atch 
Survey  Fora 


FIGURE  G-3.2a 
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BEST  AP”  *  -  aady 

best  available  copy 


MASS  SU'-.Vii’Y 
EDWARDS  AIR  FORCE  BASS 
BASE  OPERATIONS  BUILDINGS 


1,  Euildins  Humber _ _ 

2,  Type  of  Construction _ 

(e.q.  concrete  block,  steel  freue,  cetniclad,  etc.) 


Orientation 

0-2 

So.  Ft. 

2  -  9 

So.  Ft. 

9  -  to 
Sq,  Ft. 

Over  40 
Sq,  Ft. 
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Part  II 

VIBRATION  RESPONSES  OF  TEST  STRUCTURES 
NO.  1  AND  2  DURING  PHASE  T  OF  THE 
SONIC  BOOM  EXPERIMENTS  AT  EDWARDS  AIR  FORCE  BASE 


This  report  is  extracted  l'rom  Langley  Working  Papers  LWP-253 
prepared  by  D.  S.  Findley,  V.  Huckel,  and  H.  Hubbard,  and 
LWP-28B  prepared  by  D.  S.  Findley,  V.  Huckel,  and  H.  Henderson, 
of  the  Langley  Researcn  Center  of  the  National  Aeronautics  and 
Space  Administration. 
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Part  II 

VIBRATION  RESPONSES  OF  TEST  STRUCTURES  NO.  I  AND  NO.  2 
DURING  PHASE  I  OF  THE  SONIC  BOOM  EXPERIMENTS  AT 
EDWARDS  AIR  FORCE  BASE 

I  INTRODUCTION 

In  order  to  evaluate  reaction  of  people  to  sonic  booms  of  varying 
overpressures  and  time  duration,  a  series  of  closely  controlled  and 
systematic  flight  test  studies  were  conducted  by  the  USAF  in  the  vicinity 
of  Edwards,  California,  from  3  June  to  23  June  1966.  As  a  part  of  these 
studies  and  in  direct  support  of  them,  the  NASA  has  measured  the  dynamic 
responses  of  several  building  structures.  The  purpose  of  this  paper  is 
to  present  in  brief  summary  form  the  measurements  made  in  a  one-story 
residence  structure  (Edwards  test  structure  No.  1  and  a  two-story 
residence  structure  (Edwards  test  structure  No.  2'. 

Included  herein  are  sample  acceleration  and  strain  recordings  from 
F-104,  B-S8,  and  XB-70  sonic-boom  exposures,  along  with  tabulations  of 
the  maximum  acceleration  and  strain  values  measured  for  each  one  of 
about  140  flight  tests.  These  data  are  compared  with  similar  mersure- 
ments  for  engine  noise  exposures  of  the  building  during  simulated  land¬ 
ing  approaches  and  takeoffs  of  KC-135  aircraft. 

Description  of  the  test  conditions,  aircraft,  aircraft  positioning, 
weather  observations,  test  structures,  and  instrumentation  are  presented 

in  Annex  A. 


II  RESULTS  AND  DISCUSSION 
A.  Inputs  to  the  Structures 

One  of  the  main  objectives  oi  the  tost  studies  was  to  evaluate  the 
responses  of  the  structure  to  sonic  boom  inputs  of  varying  wave  lengths. 
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In  order  to  accomplish  this,  controlled  flight  tests  were  performed 
using  P-104,  B-58,  and  XQ-70  aircraft.  Sample  sonic  boom  waveforms 
as  measured  from  those  aircraft  are  illustrated  in  Fig.  1.  The  main 
differences  in  the  sonic  boom  signatures  from  the  above  three  aircraft 
were  in  the  time  durations  of  the  waves.  The  F-104  aircraft  produced 
a  signature  having  a  time  duration  generally  less  than  0.1  sec.  The 
B-58  signature  had  a  time  duration  of  about  0.2  sec,  and  the  XB-70 
produced  a  time  duration  as  long  as  0.3  sec.  The  experiments  were 
obtained  in  such  a  way  that  the  overpressure  AP  was  comparable  for  the 
various  aircraft. 

In  addition  to  the  sonic  boom  inputs  a  series  of  flight  tests  were 
conducted  with  the  KC-135  airplane  in  order  to  simulate  both  takeoff 
and  landing  noise  conditions.  During  these  latter  noise  flights,  similar 
building  response  measurements  were  made  for  direct  comparison  with  the 
sonic- boom- induced  responses. 

The  average  APq,  At,  and  vertical  wave  angle  values  have  been 
mensured  and  these  are  included  in  Langley  Working  Papers  LWP-259  and 
LWP-288.  The  noise  level  conditions  outside  the  building  for  the  KC-135 
aircraft  flight  conditions,  and  the  associated  building  response  data 
are  also  reported  in  LWP-259. 

B.  Building  Vibration  Responses 

l .  House  No.  1 

For  each  data  flight,  acceleration  levels  were  measured  at  9  points 
in  test  structure  No.  1  and  strain  levels  were  mensured  at  3  points  as 
described  in  Table  I;  the  results  are  given  in  Table  II.  A  quantitative 
picture  of  the  type  of  time  history  records  obtained  during  the  sonic 
boom  exposure  flights  Is  given  by  the  tracings  of  sample  records  in 
Figs,  2  ami  3. 

Figure  2  contains  tracings  of  strain  timo  histories  recorded  dur¬ 
ing  Mission  so  KB  for  three  different  windows  of  house  No.  i.  The 
trace  of  Flu.  2(b  represents  a  small  window  having  a  period  of  vibration 
only  a  fraction  of  that  of  the  sonic  boom  wave.  The  traces  of  Fig.  2(a) 
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and  2(e),  on  the  other  hand,  represent  windows  for  which  the  periods 
are  comparable  to  that  of  the  sonic  boom  wave. 

Figure  3  includes  acceleration  time  history  responses  from  8  trans¬ 
ducer  locations  on  the  building  for  a  B-58  boom  exposure  (see  Mission 
18  B).  Each  of  these  transient  signals  last  less  t>’an  1,0  sec,  but 
they  differ  widely  in  their  detailed  appearance.  For  instance,  the 
time  history  illustrated  in  Fig.  3(a)  exhibits  a  nearly  single  frequency 
vibration  at  about  20  Hz  which  is  believed  to  be  the  first  natural 
frequency  of  the  main  floor  joists.  Similar  results  are  given  in 
Figs.  3(b)  and  3(c)  for  other  floor  locations.  The  tracings  of  Figs.  3(f 
and  3(g)  represent  ceiling  accelerations  and  contain  some  higher  fre¬ 
quency  content  (100-200 Hz)  superposed  on  the  lower  framing  frequencies. 
The  tracings  of  Figures  3(d) ,  3(e),  and  3(h  ’  exhibit  a  sizeable  con¬ 
tribution  at  even  higher  frequencies  (several  hundred  cps'  which  are 
superposed  on  the  lower  framing  or  racking  mode  frequencies  respectively. 

Included  in  Figure  4  are  tracings  of  the  acceleration  responses 
of  the  bedroom  east  wall  (Channel  111)  due  to  excitation  from  sonic 
booms  from  three  aircraft.  The  top  trace  was  obtained  for  an  F-104, 
the  middle  one  for  a  B-58,  and  the  bottom  one  for  the  XB-70,  They  are 
generally  low  frequency  responses  with  higher  frequencies. of  relatively 
lower  amplitude  superposed.  One  distinguishing  feature  of  these  re¬ 
cords  is  the  high  frequency  bursts  at  time  intervals  corresponding 
approximately  to  the  rapid  compressions  of  the  sonic  boom  waves  of 
Figure  1. 

Similar  data  are  shown  for  Channel  111  in  Figure  5,  These  traces 
represent  the  responses  of  one  portion  of  the  building  to  sonic  booms 
from  different  missions  of  the  B-58  aircraft.  Here  again  the  high  fre¬ 
quency  bursts  occur  at  the  times  of  passage  of  the  waves.  It  csn  be 
seen  that  the  records  are  similar  in  their  gross  features  but  differ 
markedly  in  their  aeall  details. 

Hie  peak  acceleration  amplitudes  as  determined  from  traces  such 
aa  those  of  Figures  3,  4,  and  5  are  plotted  ns  a  function  of  sonic 
boom  overpressure  in  Figure  6.  The  acceleration  Amplitudes  are  either 
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positive  or  negative,  whichever  is  the  largest,  from  Channel  111.  The 
::onic  boom  overpressure  value  is  the  average  of  all  ground  overpressures 
measured  for  that  particular  flight  by  the  microphone  array. 

Data  are  shown  in  Figure  6  for  the  F-101,  B-58,  and  XB-70  airplanes. 
By  means  of  the  coding  the  data  obtained  from  overhead  flights  can  be 
differentiated  from  those  associated  with  flights  displaced  about  5  miles 
laterally.  It  can  be  seen  that  acceleration  amplitudes  vary  from  about 
0.10  g  to  about  0.7  g  and  that  despite  considerable  scatter  there  is  a 
general  trend  of  increased  acceleration  level  with  increased  overpressure. 
The  closed  symbol  data  points  seem  to  be  in  good  agreement  with  the  open 
symbol  points.  There  is  thus  the  suggestion  that  the  possible  differences 
in  wave  angle  and  rise  time  due  to  the  offset  distance  were  not  signifi¬ 
cant  with  regard  to  this  particular  measurement  of  building  response.  As 
noted  in  Reference  1,  the  F-104  induced  accelerations  tend  to  be  somewhat 
higher  in  amplitude  than  those  of  the  B-58  for  given  overpressure  values. 

Although  no  samples  of  the  noise  induced  structural  responses  and 
inside  acoustic  measurement  traces  are  included  herein,  the  maximum 
values  have  been  determined  from  the  records  and  are  tabulated  in  Langley 
Working  Paper  259.  In  general  the  same  qualitative  results  were 
obtained  as  are  illustrated  in  Reference  2. 

2.  House  No.  2 

For  each  data  flight,  accelerative  levels  were  measured  at  11  points 
in  test  structure  No,  2  as  described  in  Table  III;  the  results  arc  given 
in  Table  IV.  A  quantitative  picture  of  the  type  of  time  history  records 
obtained  during  the  sonic  boom  exposure  flights  is  given  by  the  tracings 
of  sample  records  in  Figures  ~ ,  8.  and  3. 

Figure  7  includes  acceleration  lime  history  responses  from  four 
transducer  locations  on  the  building  for  a  B-58  sonic,  boom  exposure 
'cc  Mis- ion  27A  .  Each  ol  these  transient  signals  Inst  approximately 
0.7  second.  Ini!  they  diller  widely  in  their  detailed  appearance.  For 
instance,  the  time  lu-torv  illustrated  in  Figure  7  a  exhibits  a  nearly 
single  Irequenci  \  tlirat  mn  at  about  2i>  cps  which  is  believed  to  be  the 
first  natural  ircqucuci  ol  the  main  floor  joists.  The  traces  of 
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FiguresTfb)  and  7(c)  represent  accelerations  of  the  ceiling  joists  of 
the  bedroom  and  of  the  downstairs  wall  studs  respectively.  It  can  be 
seen  that  superposed  on  the  main  framing  frequencies  are  higher  fre¬ 
quencies  which  happen  to  be  in  the  audible  frequency  range.  The  trace 
of  Figure  7fd)  represents  the  accelerations  of  the  frame  of  the  house 
as  measured  on  the  outside  surface  at  the  second  story  floor  line.  Here 
also  is  a  case  where  audible  frequency  noise  is  superposed  on  a  much 
lower  frequency  component.  This  low  frequency  component  of  relatively 
low  amplitude  is  believed  to  be  the  racking  frequency  of  the  house. 

Figure  8  contains  tracings  of  strain  time  histories  recorded  during 
the  same  flight  tests  as  the  acceleration  traces  of  Figure  7,  Figure  8(a) 
represents  the  strain  response  of  a  7  ft.  X  12  ft,  plate  glass  window 
whereas  the  trace  of  Figure  8(b)  represents  the  strain  time  history  of 
a  pane  of  glass  with  an  area  of  one  square  foot  in  one  of  the  upstairs 
double  hung  windows.  The  large  plate  glass  window  had  a  natural  period 
of  about  0.25  second  which  is  somewhat  longer  than  the  period  of  the  B-58 
sonic  boom  wave.  The  response  results  are  very  similar  to  those  obtained 
in  Reference  1  for  the  case  where  the  period  of  the  sonic  boom  signature 
is  less  than  the  period  of  the  structure.  The  natural  frequency  of  the 
small  pane  of  glass  is  very  much  higher,  and  its  period  is  only  a  fraction 
of  the  8-58  wave.  The  result  is  characteristic  of  that  obtained  in 
Reference  1  for  the  response  of  the  single  degree  of  freedom  system  for 
the  case  where  the  period  of  the  N-wave  is  several  times  as  long  as  the 
period  of  the  structure. 

For  direct  comparison  with  the  sonic  boom  Induced  response  described 
above,  some  special  experiments  were  performed  to  measure  similar  response 
data  for  the  case  where  the  building  structure  is  excited  by  noise  from 
the  engines  of  an  aircraft  flying  overhead.  A  sample  pair  of  response 
records  are  shown  for  purposes  of  illustration  in  Figure  9.  Figure  9(a) 
represents  the  tracing  of  a  B-58  sonic  boom  induced  building  response 
for  Mission  So.  75A.  The  tracing  of  Figure  9{b  on  the  other  hand  re¬ 
presents  the  same  transducer  at  the  same  gain  setting  for  the  engine 
noise  situation  during  aircraft  flyover,  it  can  be  seen  in  the  sonic 
boom  cose  that  high  frequency  responses  arc  superposed  on  lower  frequency 
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response  modes.  In  the  cose  of  the  engine  noise  the  low  frequency  modes 
arc  not  excited  and  the  high  frequencies  dominate.  It  should  be  noted 
that  the  response  to  the  sonic  boom  is  a  transient  having  about  0.5  to 
1.0  second  time  duration  whereas  the  engine  noise  induced  vibrations 
arc  detectable  for  a  time  interval  from  10  to  20  seconds.  The  dominant 
noise  induced  responses  occur  at  about  150  to  200  Hz  and  are  believed 
to  be  associated  with  the  vibration  of  wall  panels  between  the  vertical 
studs.  This  same  frequency  is  also  detectable  on  the  comparable  sonic 
boom  induced  response  records  but  is  of  a  relatively  low  amplitude. 

This  latter  result  can  be  illustrated  further  with  the  aid  of  the 
acceleration  response  record  tracings  of  Figure  10.  These  time  history 
data  arc  comparable  with  the  record  of  Figure  9'a1  and  represent  three 
different  test  runs  as  indicated  in  the  figure.  The  top  trace  was 
obtained  for  an  F-KM,  the  middle  one  for  a  B-58  mission  different  than 
for  Figure  9'a',  and  the  bottom  one  for  the  XB-70.  Note  that  all  are 
generally  low  frequency  responses  with  higher  frequencies  of  relatively 
lower  amplitude  superposed.  One  distinguishing  feature  of  these  records 
is  the  high  amplitude  bursts  at  time  intervals  corresponding  approximately 
to  the  rapid  compressions  of  the  sonic  boom  waves  of  Figure  1.  In  the 
case  of  the  XB-70  the  acceleration  response  to  the  bow  wove  near*”  dies 
out  before  the  tail  wave  arrives.  Two  separate  responses  can  also  be 
observed  for  the  B-5H  whereas  they  are  not  so  obvious  for  the  shorter 
time  duration  signature  of  the  F-101. 

The  peak  acceleration  amplitudes  as  determined  from  traces  such  as 
those  illustrated  in  Figure  10  are  plotted  as  a  function  of  sonic  boom 
overpressure  in  Figure  11.  The  acceleration  amplitudes  are  either 
positive  or  negative  whichever  is  the  largest  from  acceleration  chan¬ 
nel  31L.  It  should  he  noted  that  channel  311  relates  to  an  accelerometer 
mounted  on  tine  o|  the  studs  near  the  center  oi  the  dining  room  east  wall. 
The  sonic  boom  overpressure  value  is  the  average  of  all  ground  over¬ 
pressures  measured  lor  that  particular  flight  by  the  microphone  array. 

Data  arc  shown  in  figure  11  for  the  F-Hil.  B-5B,  anti  the  XB-70 
airplanes,  flic  largest  number  til  data  points  arc  for  the  D-58  aircraft. 
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and  these  are  noted  to  scatter  widely  for  given  values  of  sonic  boom 
overpressure.  Corresponding  data  for  the  B-104  airplane  also  exhibit 
scatter  but  seen  to  have  generally  higher  acceleration  amplitudes  than 
the  B-58  for  given  overpressure  values.  The  limited  data  for  the  XB-70 
fall  generally  within  the  range  of  the  B-58  data.  Although  there  is  a 
general  trend  of  increased  peaked  acceleration  amplitudes  with  an  increase 
in  sonic  boom  overpressure,  this  trend  is  not  well  defined  by  the  data 
points.  A  result  such  as  this  suggests  that  the  wall  acceleration 
response  may  be  a  function  of  parameters  other  than  sonic  boom  overpres¬ 
sure  and  these  are  not  properly  accounted  for  in  the  figure. 

A  plot  of  peak  strain  amplitudes  (either  positive  or  negative  as 
a  function  of  overpressure  values  are  plotted  in  Figure  12  for  the 
three  different  aircraft  of  the  tests.  The  peak  strain  values  were 
measured  by  channel  312  which  represents  a  strain  gage  located  at  the 
quarter  point  of  the  diagonal  of  the  large  plate  glass  window  in  the 
front  of  the  garage.  The  sensitive  axis  of  the  strain  gage  was  perpendic¬ 
ular  to  the  diagonal  line  of  the  window.  It  can  be  seen  from  the  figure 
that  a  wide  range  of  strain  levels  were  measured  for  given  soni-e  boom 
overpressure  values.  Although  generally  higher  strain  values  are 
associated  with  higher  overpressures,  the  data  points  do  not  define  a 
clear  trend  nor  are  there  differences  according  to  aircraft  size. 

CONCLUDING  REMARKS 

Various  acceleration  and  strain  responses  of  a  one-story  residence 
and  a  two-story  residence  structure  were  measured  for  sonic  boom 
exposures  from  F-104,  B-58  and  XB-70  airplanes  and  for  engine  noises 
during  low  altitude  flyovers  of  a  KC-135  airplane.  The  sonic  boom  in¬ 
duced  vibration  responses  were  generally  less  than  one  second  in  duration 
and  contained  frequencies  associated  with  both  primary  and  secondary 
structural  components.  Vail  acceleration  amplitudes  increased  generally 
as  a  function  of  the  sonic  boom  overpressure,  and  the  F-10-1  seemed  to 
Induce  the  largest  amplitudes  lor  a  given  overpressure.  Strains  in  a 
large  window  also  increased  generally  as  overpressure  increased  with  no 
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particular  trend  as  a  function  of  airplane  size.  Considerable  variation 
in  peak  response  amplitudes  is  noted  for  the  same  nominal  flight  condi¬ 
tions.  Engine  noise  induced  vibration  responses  have  durations  of  10 
to  20  seconds,  and  the  dominant  frequencies  are  those  of  the  secondary 
structural  components.  The  acoustic  pressures  inside  the  rooms  of  the 
structure  had  frequency  contents  very  similar  to  those  of  the  correspond¬ 
ing  wall  vibration  responses. 
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Table  I 


Edward*  Test  House  No,  l 

IDENTIFICATION,  TYPE,  LOCATION  AND  DESCRIPTION  OF  THE  VARIOUS  VIBRATION  RESPONSE 
AND  PRESSURE  TRANSDUCERS  FOR  WHICH  DATA  ARE  INCLUDED  { WP-2&8 ) 


B 

Channel 

No, 

Tyiw 

Date 

location 

Description 

A 

im 

Accelerometer 

6/3-6/83 

Center  o(  Living  Roos  Floor 

Mounted  on  Concrete  Block 
Sensitive  Axia  Vertical 

B 

102 

Accelerometer 

6/3-6  23 

Center  ol  Family  Room  Floor 

Mounted  on  Concrete  Block 
Sensitive  Axis  Vertical 

C 

103 

Accelerometer 

6/3*6/23 

Center  of  Bedroom  No,  I  Floor 

Mounted  on  Concrete  Block 
Sensitive  Axia  Vertical 

D 

104 

Accelerometer 

6/3- 6/M 
615-6/30 

Non  Operational 

Outside  Between  S.  and  V,  Ann 
of  Cruciform  Array,  On  Ground 

Mounted  on  Concrete  Block 
Sensitive  Axia  Vertical 

6/21-6/23 

In  House  No,  2,  Center  of 

Family  Rnoa  Floor 

Mounted  on  Concrete  Block 
Sensitive  Axia  Vertical 

% 

IDS 

Accelerometer 

6/3-6/23 

Outside,  E,  Wall,  N.E,  Corner, 

Roof  Line 

Mounted  on  Stud,  Sensitive 
Axis  Horizontal 

F 

106 

Accelerometer 

6/3-6/23 

Outside,  N,  Wall,  N.E.  Corner, 

Roof  Line 

Mounted  on  Stud,  Sensitive 
Axia  Horizontal 

C 

107 

Accelerometer 

6  *3-6/5 

6; 6-6/23 

Non  Operational 

Outside,  on  Concrete  Patio 

Mounted  on  Concrete  Block 
Sensitive  Axis  Horizontal 

H 

109 

Accelerometer 

6  3-6/23 

Center  o!  Family  Rooa  Ceiling 

Mounted  on  Gyp  Board  Panel 
Sensitive  Axis  Vertical 

i 

no 

Accelerometer 

6  3-6/23 

Center  of  Bedroom  .No.  1  Ceiling 

Mounted  on  Gyp  Board  Panel 
Sensitive  Axis  Vertical 

J 

in 

Accelerometer 

6  3-6  23 

Brdrooa  No.  1,  Center  of  K.  Wall 

Mounted  on  Stud  Sensitive 

Axil  Horizontal  1 

X 

am 

Audio  Mike 

6  3-623 

Cente  of  Living  Room 

Shock  Suspended,  Diaphragm 

6  Ft.  Above  Moor 

B 

si a 

Au.'lo  Hike 

6  3-6/23 

Canter  of  Family  Room 

Shock  Suspended,  Diaphragm  J 
e  Ft.  Above  Floor 

fl 

703 

Audio  Mike 

6  '3-6/23 

Omar  ul  Badruon  No.  1 

Shock  Suspended,  Diaphragm  1 
6  Fl.  Above  Floor  ] 

1 

205 

Audio  Mike 

6  3-6/3 
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FIG.  6  PEAK  ACCELERATION  AMPLITUDE  OF  BEDROOM  EAST  WALL  AS  FUNCTION  OF  SONIC  BOOM 

OVERPRESSURES  FROM  THREE  DIFFERENT  AIRCRAFT  AND  FOR  TWO  DIFFERENT  FLIGHT  TRACK 
POSITIONS.  Data  or*  for  Chennol  111  as  listed  in  LWP  288.) 
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FIG.  8  TRACINGS  OF  RECORDS  OF  B-58  (Mi**ion  No.  80  RB)  SONIC-BOOM  INDUCED  STRAIN  RESPONSES 
FOR  TWO  WINDOWS  OF  DIFFERENT  SIZES.  (Strain  omplituda*  for  each  doto  flight  ore  listad  in  LWP"»'.9.) 
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FIG.  10  TRACINGS  OF  TIME  HISTORIES  OF  ACCELERATION  RESPONSES  OF  THE  DINING  ROOM  EAST  WALL 
IChonn*!  311)  CUE  TO  EXCITATION  BY  SONIC  BOOMS  FROM  THREE  DIFFERENT  AIRCRAFT 
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Annex  H 


20  September  1966 

RESPONSE  OF  FARM  ANIMALS  TO  SONIC  BOOMS 
(Studies  at  Edwards  Air  Force  Base,  June  6  -  June  30,  1966) 


The  conduct  of  supersonic  overflights  at  the  Edwards  Air  Force  Base 
during  June  1966,  provided  an  opportunity  to  conduct  preliminary  inves- 
ligations  of  the  effects  of  sonic  boom  on  typical  farm  animal  behavior 
and  performance  in  order  to  aid  in  the  determination  of  which  types  of 
farm  anim-ls  would  require  more  detailed  observation  in  future  sonic  boom 
experiments, 

I  DESCRIPTION  OF  PROCEDURES 

Ten  animal  installations  were  selected  for  observations  of  animal 
behavior  under  sonic  boom  conditions.  They  included  1  race  horse  breed¬ 
ing  farm,  2  beef  feeder  lots,  2  turkey  ranches,  2  chicken  ranches,  1  sheep 
ranch.  1  commercial  dairy,  and  1  pheasant  form.  Numbers  of  animals 
observed  approximated  10,000  beef  cattle;  125,000  turkeys;  35,000  ch  "ken 
broilers;  100  horses;  150  sheep;  320  dairy  cattle;  and  50,000  pheasants. 
The  horse  farm  and  one  beef  feeder  lot  were  about  13  miles  from  the  center 
of  the  flight  corridor,  the  large  turkey  ranch  was  at  the  end  of  the 
corridor  within  the  turning  radius  of  the  planes,  and  the  others  were 
adjacent  to  the  corridor  3-5  miles  from  its  center. 

Fourteen  part-time  observers  \ senior  high  school  students';  2  alter¬ 
nates,  one  camera  technician,  and  one  supervisor  (high  school  science 
teacher  were  employed  to  make  the  necessary  observations  as  the  booms 

occurred.  Booms  were  scheduled  at  varying  intervals  during  the  morning 
hours.  Monday  through  Friday  of  each  week.  Observers  were  stationed  to 
watch  specified  groups  of  animals  and  noted  behavior  patterns  of  the 
animals  just  prior  to,  at,  and  immediately  following  each  boo.,  or 


disturbance  caused  by  I  tin*- fly  Inc  aircraft  used  in  noise  tests.  They 
recorded  their  observations  on  charts  prepared  for  that  purpose. 

In  addition,  3  electronically  timed  16  mm  movie  cameras  were  used 
to  net  time- lapse  pictures  of  groups  of  animals  at  the  animal  instal¬ 
lations.  Some  continuous  footage  was  obtained  during  booms  at  poultry 
installations  where  the  birds  normally  moved  around  too  rapidly  for 
II)  second  time-lapse  photography.  The  Edwards  Air  Force  Base  Information 
Office  and  Motion  Picture  Division  also  obtained  still  pictures  and 
sound,  color,  film  of  some  aspects  of  the  program  for  use  in  public 
relations  and  in  a  documentary  of  the  total  program. 

11  RESULTS  AND  DISCUSSION 

The  results  ot  animal  observations  during  the  Edwards  Air  Force 
Base  tests  are  recorded  in  Tables  1—1,  attached. 

Table  1  indicates  the  daily  frequency  of  total  changes  in  activity. 
In  studying  this  table  one  observes  a  somewhat  higher  percentage  of 
change  m  heel  cattle  at  farm  No.  1  than  at  beef  Inrm  No.  10,  yet  farm  10 
was  much  closer  to  the  t light  track  than  Inrm  No.  1.  This  must  be 
attributed  to  observer  differences.  At  all  larms  there  was  an  apparent 
decrease  >n  activity  from  June  7  to  June  23,  which  might  be  attributed 
to  adaptation.  However,  it  is  believed  that  this  was  most  likely  due  to 
observer  adaptation  ami  animal  adaptation  to  the  presence  of  observers. 

fable  2  is  a  summary  by  species  and  by  (arms,  ol  large  animals,  and 
includes  the  few  abnormal  behavioral  changes  observed.  As  will  be 
described  later,  these  changes  ore  well  within  the  range  of  normal 
activity  ot  a  group  of  animals.  The  few  abnormal  changes  observed  ro¬ 
ll  v>  t  a  sub  lev t ivv  definition  ot  "abnormal  behavior,"  since  the  abnormal 
■  haiii.es  in  horse  behavior  consisted  •<(  some  tumping  up  and  galloping 

around  the  paddock,  those  in  dairy  cattle  were  bellowing,  and  those  in 
hod  cattle  were  evidenced  by  increased  activity. 

(able  3  tndoates  that  among  poultry  there  was  more  evidence  ol 
Iri&lit  .uid  or  p.itidcnonmr  .  C'peciailv  during  the  early  stages  of  the 


program.  The  reactions  consisted  of  occasional  flying,  running,  crowding, 
and  cowering.  The  severest  reactions  occurred  as  a  result  of  low-level 
subsonic  flights,  where  noise  ^and  possibly  aircraft  shadow  was  the  dis¬ 
turbing  factor.  Only  one  case  of  an  effect  on  production  has  been  sug¬ 
gested.  That  is  in  the  pheasant  breeding  flock  where  the  owners  have 
filed  a  claim  with  the  U.S.  Air  Force  stating  that  there  had  been  a  severe 
drop  in  egg  production,  Whether  this  is  due  to  the  boom  program  or  heavy 
molting  or  a  high  temperature  spell  to  which  the  flock  was  exposed  has 
yet  to  be  determined.  No  significant  changes  in  turkey  egg  production, 
milk  production,  or  feed  consumption  were  apparent  in  this  limited  study. 

Table  -1  shows  that  dairy  milking  reactions  were  little  affected  by 
sonic  booms.  Only  19  of  104  booms  produced  even  a  mild  reaction, 
evidenced  by  a  temporary  cessation  of  eating,  raising  of  heads,  or 
slight  startle  effects  in  a  few  of  those  being  milked.  Milk  production 
was  not  affected  during  the  test  period,  as  evidenced  by  bulk  dipstick 
readings  and  daily  milk  weights  for  the  herd. 

With  so  few  abnormal  changes  evident  in  the  Edwards  Air  Force  Base 
test  results,  it  was  deemed  advisable  to  conduct  some  control  observa¬ 
tions  on  normal  changes  in  animals’  behavior.  Therefore,  a  series  of 
tests  were  conducted  at  the  Agricultural  Kescarch  Center,  Beltsville, 
Maryland,  utilizing  groups  of  beef  cattle,  dairy  cattle,  and  sheep. 

These  groups  were  observed  by  2  individuals  per  group,  working  indepen¬ 
dently,  from  9-11 :3*>  A.M.,  on  three  consecutive  days.  Behavior  was 
recorded  as  follows:  animals  were  classified  as  to  whether  they  were 
eating,  drinking,  resting  lying  down  .  or  loafing  'ambulatory  .  At 
thirty-second  intervals  they  were  reclassified  until  six  classifications 
were  completed.  At  one-half  hour  intervals  the  procedure  was  repented, 
giving  a  total  of  six  classification  periods  between  9  and  11:30.  Normal 
behavioral  data  were  analysed  for  percent  change  to  compare  with  changes 
observed  during  the  Edwards  Air  Force  Base  tests. 

From  these  data  we  were  able  to  observe  differences  among  classifiers, 
among  days,  and  asnng  the  time  periods  of  a  uay.  Each  of  these  effects 
was  evaluated  stat iat icnl ly.  With  respect  to  the  Edwards  Air  Force  Base 


ilatn,  the  pertinent  figures  are  simply  the  percentages  of  normal  changes 
for  each  of  the  species.  These  control  percentages  were  7, -14  for  beef 
cattle,  ami  lti . ()t’>  for  sheep.  Given  these  figures  anil  assuming  we  would 
have  found  the  same  percentage  changes  due  to  normal  activity  among 
animals  at  the  test  farms  at  Edwards  Air  Force  Base,  it  can  be  concluded 
that  the  booms  had  very  little  effect  on  the  larger  species  of  farm 
animals. 


Ill  OONCU'S  ION'S 

1.  The  observed  behavior  reactions  ol  animals  to  the  sonic  booms  were 
minimal  except  lor  the  avian  species.  Also,  the  reactions  were  more 
pronounced  to  noise  irom  low-flying  subsonic  aircraft  than  to  booms, 
Furthermore,  the  reactions  were  ol  similar  magnitude  and  nature  to 
those  resulting  irum  flying  paper,  the  presence  of  strange  persons, 
or  other  moving  objects.  F’or  these  reasons,  a  strong  relationship 
between  observed  behavior  reactions  and  possible  herd  or  flock  pro¬ 
duction  depression  is  very  unlikely. 

2.  Although  no  significant  changes  were  noted  in  production,  these  tests 
were  not  adequate  to  produce  any  conclusive  evidence  on  this  aspect 

ot  son tv  bourn  effects.  The  number  ol  farms  available  was  insufficient 
lor  evaluating  production  effects  and  the  location  of  those  available 
was  not  suitable  tor  proper  evaluation, 

a.  It  is  also  to  be  noted  that  the  area  around  Edwards  Air  Force  Base 

has  been  exposed  to  about  <1-8  sonic  booms  per  day  for  the  pust  several 
years.  Therefore,  some  ot  the  farm  unlmals  may  have  become  consider¬ 
ably  “adapted “  to  sonic  booms  prior  to  these  tests. 
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CHANGES  IN  BKHAVIOli  Dt'KING  BOOM  EXl'OSim.---  EDWAKDS  A  III  KOHCT 
BASE  TESTS .  .H’NK  1,-23,  Jiifjfi 

'Sou  !'«*«•:  t.S.  Ili'j'a.'t :  <  .\t:r.n«l  tan  Aiuoal  il  ,s!,aa  I,  -. 

llcscuivli  l)|  VI  -i,  lUvillc,  Mu,' 

|>;i1  n  NurihiT  ol  j  Total  j  Total  j  l*i  r.-.-nt  | 

_  Booms  Obst-rvi-.l  j  ckanr.cl  I  Chant;o.| 


Table  1  (Continued) 


Date 

Number  ol 
Booms 

Total 

Observed 

Total 

Changed 

Percent 

Changed 

Dairy  -  Outside 

June  7 

7 

560 

4 

0.7 

9 

12 

960 

80 

8.3 

13 

10 

600 

37 

6.1 

14 

10 

500 

13 

2.6 

20 

12 

780 

19 

2.4 

21 

14 

1050 

9 

22 

14 

910 

34 

23 

8 

672 

8 

Totals 

87 

6032 

204 

3.3 

Sheep 

June  6 

13 

260 

37 

14.2 

7 

7 

350 

24 

6.8 

9 

12 

360 

0 

0.0 

13 

10 

200 

5 

2.5 

14 

3 

60 

2 

3.3 

15 

8 

160 

0 

0.0 

17 

2 

40 

0 

0.0 

20 

10 

300 

6 

2.0 

21 

11 

330 

0 

0.0 

22 

14 

420 

0 

0.0 

23 

9 

270 

2 

0.7 

Totals 

99 

2750 

76 

2.7 

Horses 

June  6 

4 

25 

8 

32.0 

7 

4 

29 

8 

27.5 

9 

14 

255 

22 

8.5 

13 

9 

225 

12 

5.3 

14 

6 

50 

0 

0.0 

15 

6 

56 

’  0 

0.0 

17 

1 

21 

0 

0.0 

20 

10 

131 

4 

3.0 

21 

12 

120 

0 

0.0 

22 

10 

180 

0 

0.0 

23 

9 

100 

0 

0.0 

Totals 

85 

1193 

54 

4.5 
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Table  2 

PERCENTAGE  CHANGES  IN  ANIMAL  BEHAVIOR  DURING 


* 


H-7 


POULTRY  BBIAVIOR  CHANGES  UNDER  BOOM  EXPOSURES- -  EDWARDS  AIR  FORCE  BASE 
TESTS,  .JUNE  6-23,  1966 
(Source:  Department  of  Agriculture, 

Animal  Husbandry  Research  Division,  Beltsvllle,  Ski.) 


Adult  pheasants  125 
By  farm: 

Jones  turkeys  ld7 
K-M  turkeys  206 
Del  Star  broilers  106 
Rlngo  broilers  91 
Pheasants  210 


0.96 


0.53 

0.50 

0.95 

1.09 

0.90 


117 


96 

98 

93 

65 

186 


0 

0 

3 


Number  of  booms  producing  no  reaction. 

Number  of  booms  producing  a  mild  reaction. 
Number  of  booms  producing  a  crowding  reaction. 
Number  of  booms  producing  pandemonium. 


Table  1 

DAIRY  MILKING  REACTIONS  UNDER  BOOM  EXPOSURES— EDWARDS  AIR  FORCE  RASE 
TESTS,  JUNE  6-23,  1966 
(Source:  U.S.  Department  of  Agriculture, 

Animal  Husbandry  Research  Division,  Beltsville,  Md. ) 


(a) 

(b) 


(c) 


Number  of  booms  producing  no  reaction. 

Number  of  booms  producing  a  mild  reaction. 
Number  of  booms  pioducing  a  severe  reaction. 


THE  SONIC  BOOM 


by  Harry  H  <  a»**.n  and  Tfttrt't  S till  M  Wty  ll  tllmSC*  H, 

F .  Edward  McL*r.n  Allf  m  f«M<  lirltl  Of  tipiriwfa  MjfMt 

Mat  It  can  Aa  ratfncatf  to  a  tower  level 
by  modifying  the  tftape  ef  the  afrplai me 


IN  BRIEF :  T/if  intensify  of  the  boom  pro¬ 
duced  by  a  supersonic  airplane  depend*  on  a 
great  many  factum,  some  of  which  can  be 
controlled  and  Home  of  which  can't.  Of  those 
that  can  be  controlled,  the  most  challenging 
to  technology  is  the  design  of  the  airplane 
itself.  Recent  studies  suggest  that,  aside 
from  the  gains  that  ran  be  achieved  by  re¬ 
ducing  the  airjdane's  drag  (and  that’s  where 
most  of  the  boom  energy  comes  from  in  the 
first  place),  there  are  trays  to  reduce  the 
boom  by  >«.<»/  tying  •t.e  shape  oi  the  air¬ 
plane.  This  applies  particutnrly  to  large  air¬ 
planes  the  size  of  the  proposed  supersonic 
transport.  When  an  airplane  gets  that  large, 
the  pressure  signature  of  the  boom  is  closely 
related  to  the  detailed  shape  of  the  airplane, 
and  small  ehange:,  in  the  shape  may  yield 
large  changes  in  boom. — C.J.L. 

■  If  you  are  one  of  that  decreasing  minority 
who  have  not  as  yet  heard  the  sonic  boom  from 
a  supersonic  airplane,  we  may  give  some  indi¬ 
cation  of  the  experience  by  likening  it  to  the 
surprise  of  hearing  a  clap  of  thunder  from  a 
cloudless  sky.  Like  that  sound,  the  onset  cf  a 
boom  is  very  sudden  and  it  lasts  only  a  frac¬ 
tion  of  a  second.  To  the  unwary,  it  can  be  a 
startling  experience. 

In  this  article,  we  will  not  attempt  to  predict 
how  man  will  react  to  that  new  noise,  but  will 
focus  instead  on  the  noise  itself,  how  it  is  gen¬ 
erated,  what  affects  its  magnitude,  and  what, 
if  anything,  can  be  done  about  it.  In  connecti-  v 
with  this  last  point,  we  want  particularly  to 
discuss  some  recent  developments  in  the  theory 
of  sonic  booms  and  some  wind-tunnel  work  of 
ours,  both  of  which  seem  to  support  the  idea 
that  the  sonic-boom  problem  as  it  relates  to  the 
supersonic  transport  may  not  be  as  severe  as 
was  once  thought. 

From  subtly  buttoning* 

The  popular  conception  of  the  boom  is  that 
sound  waves,  which  cannot  get  out  of  the  way 
of  an  airplane  traveling  at  supersonic  speed, 
pile  up  and  produce  a  shock  wave  that  is  trans¬ 
mitted  to  the  ground  as  a  boom.  While  this  de¬ 
scription  is  accurate  as  far  as  it  goes,  for  our 
purposes  here,  we  will  have  to  be  a  little  more 
rigorous  about  where  the  sound  comes  from 
and  how  it  travels. 

Usually,  it  is  the  pressure  fluctuations  pro¬ 
duced  by  an  airplane’s  engine  that  carry  the 


news  of  :u  presence  to  our  ears.  There  is  a 
more  subtle  disturbance,  but  we  are  not  gen¬ 
erally  aware  of  it.  This  is  the  pressure  fluctua¬ 
tion  produced  by  the  airplane  (or  any  other 
moving  body )  as  it  displaces  the  air  around  it. 
For  subsonic  flight  speed,  these  pressure  varia¬ 
tions  are  generally  too  weak  and  too  slowly 
varying  to  be  detected  by  the  ear. 

Because  pressure  fluctuations  can  move 
through  the  air  only  at  a  velocity  fixed  by 
the  laws  of  nature,  they  are  obliged  to  behave 
m  a  different  manner  when  their  source  is 
moving  faster  than  they  can.  When  an  airplane 
is  traveling  faster  than  the  speed  of  sound,  the 
slight  displacement  pressure  fluctuations  that 
radiate  away  from  the  airplane  cannot  radiate 
forward  because  the  airplane  is  traveling 
faster  than  the  pressure  fluctuation  can  move. 
Consequently,  a  sharp  pressure  pulse  forms  in 
front  of  the  airplane  and  is  swept  behind  it 
to  form  a  conical  surface  in  which  the  pres¬ 
sure  (and  temperature)  are  locally  higher 
than  in  the  surrounding  air.  When  a  point 
on  this  surface  passes  over  an  observer  on  the 
ground,  there  is  a  rapid  increase  in  pressure, 
which  he  perceives  as  a  boom. 

Buffets  und  bull  whips 

A  moment  ago  we  likened  the  sonic  boom  to 
the  sound  of  thunder.  Having  now  described  it 
as  a  noise  due  to  air  displacement  when  a  body 
travels  faster  than  the  speed  of  sound,  it  be¬ 
comes  evident  that  the  similarity  between  the 
boom  and  thunder  is  more  than  mere  coinci¬ 
dence.  The  discharge  produced  in  electrical 
storms  certainly  travels  faster  than  the  speed 
of  sound,  and  the  heat  energy  released  dis¬ 
places  the  air  in  a  manner  similar  to  a  super¬ 
sonic  airplane.  The  thunder  of  the  resultant 
shock  waves  Is  a  phenomenon  cloeely  related  to 
aircraft  sonic  booms.  The  sharp  crack  of  a  bull 
whip  has  also  been  attributed  to  a  sonic  boom 
made  by  the  tip  exceeding  the  speed  of  sound. 
And  those  of  us  who  have  been  unfortunate 
enough  to  have  been  placed  in  the  vicinity  of 
passing  bullets  will  perhaps  always  remember 
their  characteristic  sharp  report.  This  too  is  a 
sonic  boom  Even  if  It  is  not  very  reassuring, 
it  is  quite  true  that  there  is  no  need  to  worry 
about  the  bullet  you  hear  since,  like  the  super¬ 
sonic  airplane,  the  one  you  hear  has  already 
passed  by. 

The  first  airplane-produced  sonic  booms 
were  noted  shortly  after  the  conclusion  of 
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World  War  II  when  advanced  fighters  achieved 
supersonic  speeds  in  dives.  At  first,  sonic 
booms  were  considered  a  novelty  and  were 
often  produced  intentionally  as  entertainment 
during  air  shows.  Later  demonstrations  with 
more  powerful  aircraft  capable  of  level  super¬ 
sonic  flight  for  short  periods  of  time  revealed 
the  potential  destructive  character  of  the  boom. 
In  a  well  publicized  incident  at  the  Ottawa  Air 
Terminal  in  1969,  a  U.S.  Air  Force  fighter  in  it 
demonstration  fly-by  made  a  climbing  turn 
during  a  low-level  pass  over  the  not-quite-com- 
pleted  terminal  building  and  the  resulting 
boom  broke  windows,  distorted  curtain  walls 
and  produced  other  damage  which,  however 
superficial,  added  up  to  a  repair  bill  of  (300,- 
000  and  considerably  delayed  the  completion 
date  of  the  new  terminal  building. 


Many  misconceptions 


i'fi 

W/niJsmi 


At  the  time  of  the  earliest  boom  incidents 
there  was  little  general  understanding  of  the 
nature  of  the  phenomenon  and  there  were 
many  misconceptions.  According  to  the  then- 
popular  belief,  a  sonic  boom  occurred  only 
when  an  airplane  “broke  the  sound  barrier."  It 
was  not  widely  known  at  that  titnc  that  break¬ 
ing  the  sound  barrier  was  only  the  beginning 
and  that  the  boom  would  occur  continuously 
along  the  path  under  the  airplane  and  for 
many  miles  on  either  side.  Kven  those  of  us 
who  had  some  understanding  of  supersonic 
aerodynamics  were  at  a  loss  to  explain  the 


boom  phenomenon  in  detail.  There  was,  for  ex¬ 
ample,  no  knowledge  of  how  the  intensity  of 
the  boom  depended  on  the  size  of  the  airplane, 
its  weight,  or  configuration,  or  how  the  boom 
was  affected  by  atmospheric  conditions.  And 
perhaps  most  important  of  all,  no  one  knew 
how  to  attenuate  the  boom  even  to  a  limited 
degree.  In  the  past  fifteen  years,  we  have  be¬ 
gun  to  grasp  some  of  the  most  important  fea¬ 
tures  uf  these  questions. 

As  we  have  indicated,  shock  waves  produced 
by  a  supersonic  airplane  do  not  propagate 
through  the  atmosphere  in  the  same  way  as 
sound  waves.  The  shock  that  forms  at  the  nose 
of  the  airplane  must  obviously  begin  moving 
forward  at  the  same  speed  as  the  airplane 
since  it  must  stay  in  front  of  it.  But  as  it 
moves  forward,  it  also  moves  away  from  the 
airplane  at  an  angle,  like  the  water  waves  that 
move  away  from  the  bow  of  a  ship.  As  it  moves 
away  from  the  airplane,  the  propagation  ve¬ 
locity  measured  normal  to  the  shock  front  slows 
down  and  approaches  a  value  just  slightly 
greater  than  the  speed  of  sound.  At  the  same 
time,  however,  its  velocity  in  the  direction 
parallel  to  the  path  of  the  airplane  must  re¬ 
main  equal  to  the  speed  of  the  airplane.  As  a 
result,  the  waves  assume  a  cone-shaped  shock 
front  that  streams  back  from  the  front  of  the 
airplane.  If  we  define  the  Mach  number  as  the 
rutio  of  the  airplane's  speed  to  the  local  speed 
of  sound,  a  little  geometry  will  show  (see  mar¬ 
gin)  that  the  sine  of  the  half  angle  at  the  apex 
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Fig.  »*.  A  eUnte  look  at  tke  ekoek  trarr  that 
trade  frum  a  nupernontr  airplane  irveali  that  it 
u  mot  /net  a  single  ikotk,  but  a  collection  of 
rkocke,  out  from  each  of  tke  protuberances  o*  the 
airplane.  Clone  to  tke  airplane — in  tke  no-called 
“near  field" — thin  collection  of  nkotkn  forme  a 
jagged,  nan  -toothed  pressure  pattern  whose  shape 
in  representative  of  Ike  nkape  of  tke  airplane. 


of  the  cone  is  equal  to  the  reciprocal  of  the 
airplane's  Mach  nutnber.  So  when  the  airplane 
is  traveling  .only  slightly  faster  than  the  speed 
of  sound,  thi  shock  front  is  little  more  thah  a 
plane  surf  act  perpendicular  to  the  line  of 
flight,  but  at  higher  Mach  numbers  this  plane 
■urface  is  transformed  into  a  narrower  and 
narrower  cone  streaming  behind  the  airplane. 
\  \ 

He  airplane  laarbt  its  signature 

The  disturbance  from  a  supersonic  airplane 
involves  more  than  'just  a  single  shock  wave 
from  the  nose  of  the\  airplane.  Instead,  there 
are  many  separate  waves,  and,  in  genera),  each 
discontinuity  in  the  shape  of  the  airplane  pro¬ 
duces  its  own  shock  wave.  So  In  addition  to  the 
wave  that  originates  at  thk  nose,  there  will  be 
a  wave  that  originates  atXlh?  wing-fuselage 
juncture,  another  at  the  engides,  another  at 
the  tail  aurfacea,  etc.  Plotting  pressure  along 
the  length  of  the  fuselage  reveali  a  complicated 
signature  of  positive  and  negaute  pressure 
pulses  that  correspond  to  each  Pfthe  shock 
waves.  This  is  the  so-called  “near-n^d”  signa¬ 
ture. 

At  greater  distances  from  the  'lljrplane, 
the  separate  shock  waves  interact  witt  each 
other  and  eventually  coalesce  into  juA  two 
waves,  a  bow  shock  and  a  tail  shock.  Thetair- 
plane's  pressure  signature  then  takes  the  rerm 
of  an  abrupt  pressure  rise  followed  by  a  linear 
decline  in  pressure  to  a  value  below  ambient 
and  a  subsequent  recompression  to  atmospherii 
pressure.  This  “N  wave"  Is  the  usual  form  for' 
the  ground-level  signature  of  a  supersonic  air¬ 
plane  at  cruising  altitude  and  it  is  this  pres¬ 
sure  signature  that  is  responsible  for  the 
boom. 

The  peak  of  the  positive  portion  of  the  N 
wave,  defined  aa  the  "overpressure,"  varies 
from  somewhat  less  than  1  Ib/ft*  to  not  much 
more  than  4  lb/ft*  for  normal  operations  of 
supersonic  airplanes.  On  the  other  hand,  pres¬ 
sures  of  over  100  Ib/ft1  have  been  recorded  for 
daring,  low-level  passes  of  fighter  airplanes. 


Fig.  t.  At  name  dintanee  away  from  the  air¬ 
plane,  ike  individual  ekockn  merge  to  form  just 
two  ekockn.  Tke  reeulting  N-wavn  preneure  pat¬ 
tern,  with  ite  abrupt  preneure  rises  st  leading  and 
trailing  edgee  is  heard  an  a  boom  (or  two  booms) 
an  it  paennn  over  an  observer  on  tke  ground.  It  is 
tke  magnitude  of  tke  pressure  rise  that  deter- 
mines  the  intensity  of  tke  boom. 


Another  feature  of  the  shock  waves  from 
an  airplane  is  that  the  distance  between  the 
bow  shock  and  the  tail  shock  increases  as  they 
move  away  from  the  airplane.  This  is  because 
\  the  pressure  at  the  bow  shock  is  above  ambient 
\  while  the  pressure  at  the  tail  shock  is  below 
'ambient,  and  the  difference  in  environment 
causes  them  to  move  away  from  each  other. 
Depending  on  the  airplane,  the  speed,  and 
the  altitude,  the  length  of  the  N  wave  at  the 
ground  will  vary  from  a  few  hundred  feet 
to  perhaps  as  much  as  *4  mile-  The  cor¬ 
responding  time  interval  between  bow  shock 
and  tail 'shock  as  they  move  over  the  ground 
may  be  aeAmall  as  0.05  sec  or  as  large  as  0.4 
sec.  The  ob^rver  will  normally  hear  two  booms 
as  the  pressure  pulses  pass  over  him,  but  the 
ear  may  not  be,  able  to  resolve  the  separate 
shocks  when  they\are  very  close  together. 

A  (rail  many  uaruMat 

All  the  variables  tnht  have  been  found  to  af¬ 
fect  the  magnitude  of  the  boom — and  there  are 
a  great  many — can  be  divided  roughly  into 
three  categories.  There  ake  those  that  depend 
on  how  the  airplane  is  floW  there  are  those 
that  depend  on  the  atmospheric  conditions,  and 
there  are  those  that  depend  \n  the  design  of 
the  airplane  itself.  It  is  this  last  category — tne 
design  of  the  airplane— that  has.  been  of  most 
interest  to  us  and  it  is  this  aspect,  of  the  prob¬ 
lem  we  would  like  to  discuss  in  \ome  detail. 
But  first,  let  us  look  briefly  at  the  .other  two 
categories,  starting  first  with  the  factors  that 
depend  on  the  way  the  airplane  la  ft 
It  probably  comes  as  no  surprise  \that 
\ahock  wave  dissipates  energy  and 

ker  as  it  propagates  awsy  from  the  source, 

1  as  with  any  other  sound.  The  difference  in 
(  case  of  the  shock  wave  is  that  it  diminii 
i  the  s/i  power  of  distance  whereas  noi 
sound  waves  diminish  much  more  rapidly 
thit,\But  there  is  an  added  feature  when 
ahock\comes  from  an  airplane:  the  intensity 
of  the,  shock  depends  on  the  density  of 
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Mach  Number  Altitude  (ft)  Weight  (lb) 


the  atmosphere  and  the  density  of  the  atmos¬ 
phere  at  50,000  ft  is  much  less  than  at  ground 
level.  For  purposes  of  calculation,  it  is  usually 
sufficient  to  assume  a  definable  mean  atmos¬ 
pheric  density  somewhere  between  that  at  the 
airplane  and  that  at  ground  level. 

fka  critical  point 

The  result  of  all  of  this  is  that  the  boom  de¬ 
creases  quite  rapidly  with  increase  in  altitude, 
and.  in  fact,  altitude  is  the  factor  that  has  the 
greutest  influence  on  ground  overpressure.  In 
view  of  this,  it  would  be  desirable  to  fly  the 
airplane  so  that  it  climbs  at  subsonic  speeds 
and  does  not  make  the  transition  to  supersonic 
speeds  until  it  reaches  cruising  altitude,  but 
unfortunately  this  is  not  a  practical  way  to  fly 
a  supersonic  airplane.  The  airplane  must  make 
the  transition  while  climbing,  und  as  a  result 
it  is  this  portion  of  the  flight  profile  that  is 
most  critical  from  the  stamlpoin*  of  sonic 
boom. 

The  boom  increases  with  the  Mach  number  at 
the  rate  of  \p  ( M---1 1  ’'\  which  is  to  say 
that  it  increases  slowly  beyond  about  Mach 
1.2.  Rut  that's  not  the  whole  story.  For  any 
given  altitude,  as  the  speed  increases,  the  angle 
of  uttack  needed  to  maintuin  any  given  amount 
of  lift  decreases,  an  effect  which  tends  to  de¬ 
crease  the  boom  i  for  reasons  we  will  describe 
later  on>.  The  net  effect  is  that  the  speed  of 
the  airplane  once  it  is  supersonic  makes  very 
little  difference  und  that,  generally,  the  boom 
decreases  somewhat  with  increasing  Mach 
number  rather  than  increasing  as  might  have 
been  expected 

Speed  changes  also  affect  the  sue  of  the  boom. 
As  the  airplane  accelerates,  the  shock  wave 
inclines  back  at  an  increasing  angle,  steadily 
changing  the  direction  in  which  the  wave  pi  >p- 
agates.  It  frequently  happens  that  waves  fi„m 
a  number  of  points  along  the  High'  path  will 
all  meet  at  one  p.  mt  on  the  ground  with  the 
effect  that  this  point  will  lie  •aihiccfrd  to  a 
number  of  simultaneous  shocks  Such  a  mag¬ 


nified  shock  is  known  as  a  “superboom."  Super¬ 
booms  have  been  measured  in  which  the 
amplitude  was  over  twice  that  expected  for 
normal  steady  flight.  Radial  acceleration  in 
sharp  turns,  pullouts  and  other  maneuvers  can 
also  produce  superbooms. 

Putting  all  these  effects  together  we  can  see 
that  the  pilot  must  fly  his  plane  as  high  as 
possible  and  should  avoid  violent  maneuvera 
since  most  of  them  increase  the  intensity  of 
the  boom.  For  the  supersonic  transport,  the 
limitations  on  maneuvers  should  not  materially 
affect  the  operation  of  the  airplane;  for  the 
comfort  of  the  passengers,  it  is  essential  that 
the  pilot  avoid  violent  maneuvers  anyway. 


The  effect  of  environment 


In  the  second  category  of  effects — the  influ¬ 
ence  of  atmosphere  und  other  environmental 
factors-  the  most  important  effect  is  the  in¬ 
tensification  of  the  boom  by  reflection.  When 
the  .V  wave  strike.-  the  ground,  or  any  other 
surface,  it  is  of  course  reflected  back  just  like 
any  other  wave  The  pressure  pulse  from  the 
reflected  wave  adds  to  the  pressure  pulse  from 
the  incident  wave  in  the  areas  where  the  two 
coexist,  and  as  we  move  closer  to  the  point  of 
reflection  oil  Ihc  ground,  the  two  waves  become 
more  nearly  coincident.  The  timing  is  such 
that  at  ear  level  the  two  waves  are  very  nearly 
superb  .posed  and  the  observer  hears  what 
amoums  to  u  double-sized  boom.  The  strength 
of  the  reflection  degiviiils  mi  the  reflecting  sur¬ 
face,  but  amplification  factors  of  l.'.l  are 
usually  observed  for  cleared,  level  ground, 
while  factors  very  close  to  2.0  are  generally 
measured  for  hard  concrete  or  asphalt  sur¬ 
faces. 

The  fact  that  atmospheric  density  decreases 
with  altitude  not  to 1 1 v  causes  u  reduction  in 
shm  k  intensity,  ii  also  affects  the  way  the 
shock  propagates  As  the  shock  moves  from  the 
less  dense  atmosphere  to  the  more  dense  higher 
temperature  atmosphere,  its  speed  increr.se* 
and  the  shock  flout  fiends  forward.  If  the  uir- 
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F iy.  4.  Th e  sonie  booms  wilt!*  in  n  tettiel  tunnel 
by  small  models  liter  thru/  arr  mi  vffrrtire  n  ay  of 
studying  how  thr  shape  of  un  oiep/om  influences 
the  intensity  of  the  boom.  Thr  mnth  fn  must  be 
small  becttus r  there  is  only  it  limited  span  in  the 
tunnel  for  the  ehnraeterislie  X  uaee  to  form. 


plant*  is  moving  only  slightly  fa<ti*r  than  the 
speed  of  sound,  this  refraction  <*l!Vi-|  may  cause 
the  front  to  hecome  perpendicular  to  (he 
ground.  If  you  Work  out  the  geometry  (see 
margin,  you  will  see  that  when  this  happens 

the  shuck  never  reaches  tin*  gr<  '  '  . .  i' 

begins  U  travel  parallel  to  the  giooud  before  it 
gets  there.  However,  airplane-,  cannot  tl*  eco¬ 
nomically  at  speeds  where  this  occurs  *  around 
Mach  1.2 1.  and  so  the  effect  is  of  little  signifi¬ 
cance  in  suppressing  sonic  boom 

kefraition  diH*s.  however,  have  a  signilieant 
effect  in  reducing  the  lateral  spread  of  the 
linom,  because  it  causes  tin-  portion  of  the 
shock  rone  that  spread  to  the  sole  of  the  air¬ 
plane  to  is*  bent  also.  Although  it  is  a  little 
difficult  to  draw  land  even  m«r**  difficult  to  de¬ 
scribe*  the  shock  front  that  extends  toward 
the  ground  from  the  side  of  the  airplane 
misses  the  ground  beyond  a  certain  distance. 
Hence,  the  footprint  of  the  boom  «>n  the  ground 
is  not  the  intersection  of  a  plane  and  a  cone 
with  the  parabola  extending  off  to  infinity  as 
might  lie  expected,  but  is  a  parabola  of  finite 
limit  'see  Fig.  I*.  In  tests  with  small  sillier- 
sonic  aircraft,  the  boom  has  been  found  to  ex¬ 
tend  20  miles  or  so  on  either  side  of  the  air¬ 
plane;  for  a  supersonic  transport,  the  path 
might  tie  as  much  as  HO  miles  wide* 

In  addition  to  these  large-scale  atmospheric 


van  1 1 inn w  that  affect  the  way  the  boom  propa¬ 
gates,  there  also  are  important  small-scale 
variations  (turbulence,  wind,  and  cloudsi. 
These  non-uniformities  in  the  atmosphere  act 
like  a  lens  to  fis  us  the  boom,  resulting  in 
higher  than  normal  pressure  at  some  locations 
and  compensating!)-  lower  pressure  at  others. 

The  design  affects 

Aside  from  trying  to  guess  how  people  will 
react  to  the  boom,  determining  how  airplane 
design  affects  the  size  of  the  boom  has  been 
the  most  difficult  part  of  the  sonic-boom  prob¬ 
lem,  Plainly,  it  is  out  of  the  question  to  build 
and  test  full-scale  airplanes  of  various  configu¬ 
rations;  not  only  is  it  expensive  and  time-con¬ 
suming,  but  such  test  procedures  preclude  the 
possibility  of  studying  interesting  but  imprac¬ 
tical  configurations  in  the  hope  of  discovering 
design  principles.  In  the  beginning  even  the 
theoretical  approach  was  difficult  because  the 
theory  we  were  working  with  at  the  time  did 
not  give  an  adequate  description  of  the  phe¬ 
nomena.  In  fact,  the  most  widely  used  theory 
of  the  early  19-50’s  did  not  even  predict  the 
existence  of  a  sharp,  boom-producing  pressure 
increase  at  the  shock  front.  The  present  theory 
is  much  improved,  and  with  it  we  have  de¬ 
veloped  a  rather  complete  understanding  of 
how  the  boom  is  affected  by  design  factors. 

Here  at  Langley,  we  have  supplemented  this 
theoretical  understanding  with  experimental 
studies  of  sonic  booms  produced  by  models  in 
a  wind  tunnel.  Although  this  technique  is  not 
widely  practiced  (there  are  only  two  or  three 
other  laboratories  pursuing  this  approach), 
these  wind-tunnel  experiments  have  proven  to 
be  a  valuable  confirmation  of  the  theory  and  in 
some  instances  have  revealed  effects  with  im¬ 
portant  consequences  fur  reducing  the  boom. 

Working  with  models  in  wind  tunnels  has 
its  difficulties  too,  however.  The  model  must 
lie  small  to  simulate  relatively  large  distances 
in  the  narrow  test  section  of  a  tunnel  that  ie, 
say.  4  ft  across.  And  if  small  changes  in  con¬ 
figuration  are  going  to  mean  anything,  the 
model  must  also  be  made  to  very  close  toler¬ 
ances.  We  have  used  models  varying  from  >4  in, 
to  4  in.  in  length,  some  of  which  have  taken  a 
skilled  modelmaker  several  months  to  build. 

Hut  perhaps  the  most  difficult  part  of  the 
wind-tunnel  experiments  is  making  accurate 
measurements  of  extremely  small  pressure  dif¬ 
ferences.  To  plot  the  detailed  pressure  pulses 
in  a  small  .V  wave  requires  a  sensitive  gage 
capable  of  measuring  pressure  differences  as 
small  as  l> 200,000  of  normal  atmospheri;  pres¬ 
sure— and  the  variations  in  the  ambient  tunnel 
pressure  nre  many  times  greater  than  that.  We 
employ  a  differential  pressure  gage  that  mea¬ 
sures  the  pressure  in  the  shuck  and  compare*  it 
to  the  ambient  pressure  in  the  tunnel.  This 
gage  is  extremely  sensitive,  so  sensitive  that 
on  one  very  cold  winter  day  we  noticed  that  it 
was  recording  the  pressure  change  that  re- 


1-5 


Fig.  5.  Sonic  boom  is  affect¬ 
ed  not  only  by  speed.  weight, 
and  attitude,  but  alto  by  the 
shape  of  the  airplane.  Herr 
are  three  airplane  chapes  at 
various  altitudes  with  the  ,V- 
ii'fli'r  overpressures  associat¬ 
ed  with  each  shape.  The 
'‘lower  bound”  shape  in  cafcu- 
fa ted  to  produce  a  minimum 
boom,  but  unfortuuuti  ly  it 
has  a  very  high  drag  and  is 
unsuitable  for  an  airplane. 
In  each  ease,  the  curves  are 
for  a  J.Vhft  airplane  weigh¬ 
ing  lb  and  fitting  at 

Mach  /.{. 


Altitude  (ft) 


Fig.  f>.  Recent  wind-tunnel 
tests  suggest  that  the  theory 
on  which  the  curves  of  Fig. 

5  are  based  may  not  he  valid 
when  the  airfdnne  is  as  long 
as  the  proposed  V.S.  super¬ 
sonic  transport.  Th,  curves  , 
at  right  show  the  overpns- 
surrs  predicted  by  this  re¬ 
fined  theory,  taking  as  un 
t /ample  the  arrow  wing  of 
Fig.  !i.  With  the  long  r  air¬ 
plane,  the  individual  shock 
waves  of  the  near  field  may 
nr vt  r  quite  coalesce  into  an 
•V  oavt  and  thi  ortrpressnn 
lii//  therefore  be  slightly  re¬ 
duced  (mir/r//r  curve  f.  fiat 
more  important,  the  validity 
of  thr  near- field  thet»rg  ojhrs 
th:  opportunity  to  make  sub¬ 
stantial  reductions  in  ovt  r - 
pressure  by  slightly  loth  n- 
ing  (in  this  easel  the  for¬ 
ward  portion  of  the  tur- 
plnut  *s  fust  (age  (tower 
curve  f. 


Altitude  (ft) 


milted  from  the  temperature  change  in  the  lab¬ 
oratory  whenever  un  outside  door  was  opened. 
We  found  we  eould  prevent  these  fluctuation* 
by  wrappinir  insulation  around  the  tubing  lead¬ 
ing  to  the  guge.  Or  bv  locking  the  door. 

WdnfmiM*  dn|i  minimum  boom 

One  of  the  first  things  the  theory  told  us 
about  the  bo»»m  was  that  it  i>  directly  propor¬ 
tional  to  the  ratio  of  maximum  body  dium- 
eter  to  .itipiane  length  Now  this  is  a  fortunate 
thing,  for  the  drag  due  to  air  displacement 


Mhe  so-called  "wave  drag")  ia  dependent  on 
the  square  of  this  ratio;  whatever  reduces  the 
wave  drag  also  tends  to  reduce  the  boom.  If  we 
examine  this  a  little  more  closely,  however,  we 
sec  that  this  is  not  just  a  lucky  break:  plainly, 
the  energy  lost  in  wave  drug  is  the  same  en¬ 
ergy  that  eventually  shows  up  in  the  boom. 
Hut  this  may  be  oversimplifying  the  boom- 
drag  relationship  a  bit  too  much.  Later  on  we 
will  discuss  some  exceptions  to  this  nice  simple 
rule. 

The  boom  is  also  related  to  the  lift,  and  this 

I  •? 


time  the  relationship  is  unfavorable.  When  the 
lift  for  airplane  weight*  increases,  ho  does 
the  boom.  As  supersonic  airplanes  are  called 
upon  to  carry  more  and  more  payload  (pas¬ 
sengers,  baggage,  and  freight  >  airplane  weight 
increases  rapidly  and  the  problems  of  the  boom- 
eonscious  designer  are  compounded. 

To  understand  why  the  lift  affects  the  boom, 
it  is  perhaps  sufficient  to  appreciate  that  lift 
is  generated  by  displacing  air,  and  this  dis¬ 
placed  air  behaves  the  same  as  the  air  dis¬ 
placed  by  the  volume  of  the  airplane;  as  it  in¬ 
creases,  so  does  the  boom.  But  it  is  not  merely 
the  weight  of  the  airplane  that  causes  this 
lift-displaced  air  to  increase;  the  air  displace¬ 
ment  is  also  affected  by  the  way  the  lift  is 
generated.  If  the  airplane’s  angle  of  attack 
is  decreased  while  the  lifting  force  is  held 
constant  fby  increasing  airplane  speed,  for 
example)  the  boom  decreases  because  less  air 
is  displaced  al  the  lower  angle  of  attack. 

This  lift  effect,  however,  behaves  somewhat 
differently  than  the  volume  effect.  Whereas  the 
volume  effect  acts  to  increase  the  pressure  all 
around  the  airplane,  lift  increases  the  pressure 
only  below  the  airplane.  The  lift  effect  de¬ 
creases  the  pressure  above  the  airplane  and 
has  no  influence  off  to  the  side. 

Theory  predicts  that  the  lowest  overpressure 
for  an  N  wave  produced  by  an  airplane  of  a 
given  length,  weight,  and  speed  will  be  achieved 
by  a  blunt-nosed  vehicle  (see  Fig.  5).  Curi¬ 
ously,  this  vehicle  has  too  much  drag  to  be 
regarded  as  a  practical  airplane  shape.  The 
explanation  for  the  apparent  contradiction  be¬ 
tween  this  and  our  previous  statement  that 
low-drag  shapes  produce  low  boom  is  that  the 
blunt-nosed  shape  produces  shocks  in  the  near 
field  that  are  much  stronger  than  for  slender 
shapes,  but  these  strong  shocks  decrease  more 
rapidly  with  distance.  Therefore,  much  of 
the  momentum  loss  of  the  air — and  the  drag 
to  which  it  is  related— is  confined  to  the  near 
field. 

It  is  interesting  to  note  that  for  airpiunea 
as  big  and  as  fast  as  the  proposed  supersonic 
transport,  this  minimum-boom  shape  produces 
overpressures  only  slightly  less  than  the  design 
maximum*  of  2  ll»/ft*  in  climb  and  1:5  lb  ft-' 
in  cruise.  More  practical  shape*  will  probably 
be  able  to  approach  to  within  about  0.5  lb  ft3 
of  thia  lower  bound.  Of  course,  lower  overpres¬ 
sure*  are  possible  for  airplanes  that  are  lighter 
flea*  than  400,090  lb t  or  lunger  imnre  than 
230  ft)  than  this  proposed  simersonir  trans¬ 
port  configuration.  But  keep  in  mino  that  larger 
airplanes  create  larger  boom*,  and  there  is  a 
historical  trend  toward  larger  airplane*. 

A  brlssil*  dMtetejMMftt 

Some  recent  experiments  of  our*  indicate  it 
may  be  pnsaiblc  to  reduce  the  some  boom  from 
a  supersonic  transport  more  than  was  pre¬ 
viously  expected.  In  all  of  the  efforts  of  the 
past,  we  have  been  attempting  to  reduce  the 


p»ak  pressure  of  the  N  wave,  hut  recent  ana¬ 
lytic  studies  Rnd  wind-tunnel  tests  indicate 
that  a  large  airplane  like  the  supersonic  trans¬ 
port  may  not  he  far  enough  away  from  the 
ground  for  an  N  wave  to  form — particularly 
at  that  critical  altitude  where  the  airplane 
is  accelerating  from  subsonic  to  supersonic 
speed,  Instead,  the  saw-toothed  near-field  sig¬ 
nature  will  extend  all  the  way  to  the  ground. 
This  effect  has  since  been  confirmed  in  tests 
of  large  aircraft  such  as  the  B-70  supersonic 
bomber. 

This  is  a  fortunate  development  for  two  rea¬ 
sons.  First,  the  actual  ground  overpressures 
will  be  slightly  less  for  jagged  near-field  signa¬ 
ture  than  for  an  .V-shaped  far-field  s.gnature. 
And  second,  and  more  important,  the  existence 
of  a  near-field  signature  offers  the  opportunity 
to  tailor  the  signature  to  some  more  desirable 
shape  by  modifying  the  shape  of  the  airplane. 

In  modifying  the  shape  of  the  signature,  it 
is  not  possible  to  reduce  in  any  large  degree 
the  area  within  the  curve  since  this  represents, 
in  effect,  the  energy  of  the  boom.  But  within 
this  limit,  there  are  many  shape*  that  may  be 
more  desirable  than  an  N  wave.  The  positive 
triangle  of  the  N  wave  could  have  a  flat  top, 
for  example,  or  it  could  be  converted  to  a  shape 
that  is  nearly  a  rectangle.  In  either  case,  the 
peak  pressure  would  be  greatly  reduced  An¬ 
other  possibility  is  to  somehow  change  the 
abrupt  increase  in  pressure  at  the  front  of  the 
.V  wave  to  a  more  gradual  increase.  It  is.  after 
all,  the  rate  of  change  of  pressure  that  is  re- 
sjxmsible  for  the  sonic-boom.  The  absolute 
change  in  pressure  is  only  a  few  pounds  per 
square  foot,  or  about  the  same  pressure  change 
a*  descending  two  floor*  in  an  elevator.  Only 
the  rapid  onset  of  the  pressure  change  makes 
the  boom  an  objectionable  noise. 

A  ffat-toppad  turn 

Vet.,  subtle  changes  in  the  shape  of  the  air¬ 
plane  can  ..'ten  make  large  changes  in  the 
pressure  signature.  For  example.  Fig.  6  shows 
a  pnesitiir  transport  configuration  with  a 
sharply  swept  bae*:  arrow  wing.  Our  calcula¬ 
tions  and  wind-tunnel  test*  indicate  that  in  its 
unmodified  form  ( where  it  has  a  more-or-less 
cylindrical  fuselage  >  it  would  produce  a  boom 
overpressure  of  about  2.2  Ib'ft*  during  the 
critical  transonic  phase  at  an  altitude  of  40,000 
ft.  By  increasing  the  diameter  of  the  fuselage 
slightly  in  the  area  near  thu  leading  edge  of 
the  wing,  the  near-field  signature  approxi¬ 
mates  a  tluM.-pped  curve  and  the  overpressure 
drops  to  about  1.3  ib'ft-’.  The  modificathm 
makes  only  a  very  small  change  in  the  shape  of 
the  airplane  and  has  little  or  no  detrimental 
influence  an  other  aspecta  of  the  airplane**  per¬ 
formance.  It  should  be  pointed  out,  however, 
that  this  might  not  be  true  for  a  similar  near- 
field  modification  applied  tu  some  other  air¬ 
plane. 

Now  that  we  have  discovered  the  beneficial 
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Fig.  7.  Theory  predicts  that 
wkrn  tkr  mar-field  prinsare 
pattern  extends  all  the  letty 
to  tkr  ground,  the  rffrr t  rf 
tkr  boom  ran  be  greatly  re- 
ditrrd  by  reducing  tkr  rotr  el 
pressure  rixr,  Sion  it  in  tkr 
ratr  of  pressure  rim  and  not 
tkr  magnitude  tkat  raunrn 
tkr  boom  in  tkr  lirnt  place. 
Tkrnr  ritrvtn  show,  koH'rrrr, 
tkat  tkr  airplane  modification 
Ik i  '  .  etlurrn  tkr  ratr  alia  in- 
errant  tkr  magnitude,  rx- 
rrpt  for  airplanes  at  leant 
.1"n  ft  long.  At  tk in  Irugtk, 
which  in  murk  ton  lung  for  a 
prartiral  airplane ,  tkr  prrn- 
mirr  pattern  beromrt  nearly 
a  nine  wave.  An  before,  the 
tigiinn  are  far  a  i0tj,00(i  lb 
airplane  flying  at  Marh  I *4 
and  an  altitude  of  iOjttnt  ft. 


effects  of  a  near-field  signature  that  extends 
to  the  ground,  there  may  be  some  things  we 
ran  do  to  make  the  near-field  signature  extend 
to  the  ground  even  at  highe.'  altitudes  and 
speeds.  By  adjusting  the  size  and  position  .  t 
the  individual  shocks  we  can  delay  the  point  at 
which  they  coalesce  into  an  AT  wave,  perhaps  to 
the  point  where  the  near-field  signature  ex¬ 
tends  to  the  ground  even  at  cruising  altitude. 
Certainly,  this  would  he  possible  if  it  were 
practical  to  stretch  the  airplane  out  to  any 
given  length.  In  fart,  it  has  been  observed  that 
if  a  supersonic  airplane  could  be  made  long 
enough  and  slender  enough,  and  with  the  prop¬ 
er  area  distribution,  ground  signatures  ap¬ 
proaching  a  sine  wave  with  a  very  gentle 
pressure  onset  could  be  achieved.  However,  the 
airplane  lengths  required  (more  than  -100  ft) 
are  far  in  excess  of  those  now  considered  prac¬ 
tical  (the  British-French  fiS?  will  be  about 
185  ft  long,  the  U.S.  SST  about  270  ft ). 

No  clour-cut  doc lulono 

The  irony  in  all  this  effort  to  reduce  the 
boom  is  that  there  is  still  no  clear  notion  of 
just  how  much  it  ought  to  be  reduced. 

In  an  effort  to  resolve  this  question,  the 
Federal  AviaUnn  Agency  (with  support  from 
USAF  and  NASA)  conducted  a  six-month 
series  of  sonic  boom  tests  over  Oklahoma  City 
during  1964.  During  the  tests,  the  city  was 
subjected  to  frequent  booms  of  the  intensity 
levels  expected  for  supersonic  transports.  Un¬ 
fortunately,  these  tests  produced  no  generally 
accepted,  clear-cut  decisions  as  to  the  ultimate 
acceptability  of  routine  SST  <qierations.  Two- 
thirds  of  the  phone  calls  and  letters,  and  most 
of  the  formal  complaints,  referred  to  property 
damage.  However,  FAA  inspections  revealed 
little  or  no  damage  at  these  pressure  levels 


which  could  unquestionably  be  attributed  to 
sonic  booms.  During  another  series  of  tests  at 
White  Sands  Missile  Kange.  little  or  no  dam¬ 
age  to  buildings  was  noticeable  at  overpres¬ 
sures  less  than  about  5  lb /ft*.  But  these  figures 
may  not  apply  to  larger  airplanes  having  sig¬ 
natures  with  a  longer  time  duration  and 
greater  energy  content. 

In  less  than  eight  years,  a  U.S.  supersonic 
transport  may  be  Hying  passengers  across  the 
the  country  in  about  two  hours.  A  British- 
French  SST  will  be  operational  before  then. 
Our  experience  indicates  that  estimates  of 
nominal  overpressures  for  these  airplanes  in 
steady  level  flight  may  now  he  made  with  a 
good  deal  of  confidence.  As  far  .1-  is  possible, 
consistent  with  other  features  which  affect  the 
airplane  performance  and  economics,  sonic 
boom  has  influenced  the  design  of  the  Bueing 
and  Lockheed  entries  in  the  national  design 
competition.  These  airplanes  are  expected  to 
produce  ground  overpressures  of  about  1.5 
lb/ft-  for  cruising  altitudes  in  the  range  of 
60,000  to  70,000  ft.  Overpressures  during  the 
transonic  portion  of  the  flight,  which  takes 
place  at  lower  altitudes,  are  expected  to  be 
snmewhRt  higher — 2  lb  -‘ft  -  or  more. 

We  fen  that  with  the  present  understanding 
of  the  phenomenon,  airplane  design  for  sonic- 
boom  reduction  will  be  an  even  more  important 
consideration  for  future  generations  of  super¬ 
sonic  transports,  particularly  if  the  trend 
towurd  longer  airplanes  continues.  We  fore¬ 
see  no  possibility  that  the  boom  can  be  elimi¬ 
nated  ent in'Ii.  The  limitations  on  airplane 
design  are  too  restricted  for  that.  But  with¬ 
in  these  limitations  there  aic  sone  promising 
possibilities. 

Itlhrr  aspects  of  the  snnir-hoeim  problem 
an  diseusxtd  in  the  To  Dig  Deeper  section. 
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'A  series  of  tests  were  conducted  at  Edwards  Air  Force  Base  in  June  1066  and 
October  1966  to  January  1967  in  which  human  subjects  (located  Indoors  and  out¬ 
doors),  special  test  structures,  and  animals  were  exposed  to  booms  from  F-104, 
F-106,  B-58,  SR-71,  and  XB-70  supersonic  aircraft,  and  the  noise  from  KC-135 
and  WC-135B  subsonic  aircraft. 

Physical  measurements  were  made  of  the  sonic  boom  signatures,  subsonic  aircraft 
noise,  and  the  response  of  structures  to  the  booms  and  noise.  Psychological 
measurements  were  made  of  the  subjective  acceptability  to  several  hundred  sub¬ 
jects  of  the  booms  and  subsonic  aircraft  noise. 

Details  of  the  test  plan  and  procedures,  and  the  results  of  the  data  analyzed 
to  date  are  presented. 
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